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EXECUTIVE SUMMARY

Introduction

California Assembly Bill 394 requires the State Department of Health Services
(DHS) to adopt regulations that establish minimum nurse-to-patient ratios within acute
care general, special, and psychiatric hospitals. On behalf of the UC Office of the
President, the UC Davis Center for Health Services Research and the UC Davis Center
for Nursing Research are providing analytic and technical support to DHS as it considers
various policy options.

In this final report, we review the available empirical literature on the relationship
between nurse staffing and quality of care, describe the results of our analysis of hospital
financial and discharge data obtained from the California Office of Statewide Health
Planning and Development (OSHPD), summarize the deliberations of an expert clinical
panel concerning the best nurse-sensitive indicators for tracking the effects of AB 394 on
patient, provider, and institutional outcomes, and describe the results of an analysis of a

survey designed to collect information on current staffing patterns in California acute
care hospitals.

Systematic Review of the Literature

Project staff, in conjunction with CDHS and a five-member Nursing Evidence
Report Advisory Committee, identified four general questions to be addressed in the
review: 1) What effect does nurse staffing have on patient outcomes, such as mortality,
falls, pressure ulcers, and the like? 2) What effect does nurse staffing have on outcomes
related to nurses in their role as employees, such as retention, job-related stress, or
~ injuries? 3) What effect does nurse staffing have on institutional outcomes, such as labor
costs, rehospitalization rates, or hospital length of stay? and, 4) Is there evidence to
justify setting specific minimum nurse-to-patient ratios for nursing units in acute-care
hospitals?

A medical librarian then conducted comprehensive literature searches on these
questions using several standard databases. Article titles and abstracts from the searches
were screened, and articles of potential interest were retrieved. To be included in the
analysis, the article must have been published since 1980 and have reported: 1) original
research that was 2) conducted in the United States, 3) in acute care, rehabilitation, or
psychiatric hospitals, and 4) that tested the effect of some measure of nurse staffing level
or nurse staffing skill mix on patient, employee, or institutional outcomes. Articles that
met these inclusion criteria were reviewed by two staff members, who systematically
abstracted specific data on a standard form. The findings of each study were then
summarized and organized in a series of evidence tables. The clinical importance and
statistical significance of each finding were considered when interpreting the evidence.

Hospital Nurse Staffing and Quality of Care i
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The literature searches identified 2870 articles of potential interest. Of these, 458
were selected for retrieval by at least one abstractor. Of the articles selected for retrieval,
456 (99.5%) were obtained. Of the retrieved articles, 419 were rejected for not meeting
the inclusion criteria or for not reporting key information, leaving 37 articles and 266
individual findings for analysis.

Although the evidence is not compelling, it does suggest probable inverse
relationships between: 1) the number of RNs, and to a lesser extent, RN skill mix, and
hospital mortality, 2) the number of RNs and, to a lesser extent, RN hours worked per
patient day, and rates of pneumonia, and 3) total nursing hours worked per patient day
and, to a lesser extent, RN skill mix, and hospital length of stay. In addition, the evidence
suggests possible, at least statistical, relationships between nurse staffing and rates of
nosocomial infections, urinary tract infections, pressure ulcers, and nursing
documentation. Increasing the number of RNs or enriching the RN skill mix does not

appear to increase costs and may even reduce costs when the expenses of adverse patient
outcomes are considered.

Finally, almost all the studies included in the analysis, whether or not they studied
specific nurse-to-patient ratios, adjusted their analyses for both the case mix of the
patients (severity of illness) and the skill mix of the nursing staff (the ratio of RNs to
other nursing personnel). Thus, the literature offers no support for establishing minimum
nurse-to-patient ratios for nursing units in acute-care hospitals, especially in the absence
of adjustments for case mix and skill mix.

Empirical Analysis of OSHPD Data

We conducted an analysis of hospital financial and discharge data obtained from
the California Office of Statewide Health Planning and Development (OSHPD) in order
to accomplish three general objectives. First, we wished to describe levels of nurse
staffing (i.e., the distribution of nurse staffing ratios) at the nursing unit level in
California hospitals from the most recent possible reporting period (1998-99). Second,
we wanted to assess the likely effects of any new regulations on nurse manpower
requirements and costs across California hospitals. Third, we wished to assess both the
baseline ratios and the likely consequences of imposing varying staffing standards across
different types of hospitals in different regions of the state.

While productive nursing hours do not translate directly into nurse to patient
ratios and there is considerable variation in staffing among hospitals, the data indicate
that average nurse staffing in California is roughly as follows: between 1:1 and 1:2 in
critical care units; somewhat leaner than 1:4 in general medical care units and a bit richer
in telemetry units; better than 1:3 in pediatric units; and leaner than 1:5 in subacute care
units and psychiatric units within specialized psychiatric hospitals. Obviously, many
hospitals staff at ratios richer than the average, while many staff leaner. In addition,
productive hours per patient day will tend to underestimate nurse staffing levels if a
substantial fraction of “productive nursing hours” are spent away from the bedside, for
example, in training exercises or performing administrative tasks.

Hospital Nurse Staffing and Quality of Care i
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The staffing proposals submitted by AB 394 stakeholders vary widely and have
tremendously different implications for the proportion of hospitals in staffing deficit, the
number of nursing FTEs required to make up the deficits, and the costs of redressing the
deficits. At one extreme, the recent proposal by the California Nurses Association to
staff general medical units at 1:3 would place 92% of non-Kaiser hospitals in deficit and
require 5586 licensed nurses costing $279.9 million to redress deficiencies. At the other
extreme, the 1:10 proposal by the California Hospital Association would place only 4%
of hospitals in deficit and require 74 nurses ($3.7 million) to make it up.

Although these findings have implications for the implementation of AB394
regulations, our projections are based on a number of assumptions that merit further
examination: that productive hours can be translated into nurse-to-patient ratios, that
average staffing levels approximate minimum staffing levels, that “fractional nurses” are
available for purchase at current (average) wage rates, that nurses are non-fungible across
units because no units are currently “over-staffed,” and that hospitals will be as efficient
in using nursing resources after redressing nursing deficits as they were in the reporting
period that is the basis for our data collection.

Expert Panel Process

The purpose of the expert panel exercise was to identify nurse-sensitive indicators
with the potential for use in the evaluation of specified nurse to patient ratio regulations.
In consultation with clinician investigators, project staff derived 79 potential indicators
from the evidence gathered during the systematic literature review. Using a modified
Delphi Expert Panel process developed by RAND, a panel of 9 nursing experts
representing a variety of hospital types, geographic regions, and clinical specialties were
selected to rate the indicators on a 9-point scale along the dimensions of validity,
feasibility, and overall suitability. Panelists were also encouraged to identify additional
indicators they felt were appropriate for evaluating nurse to patient ratios in specific areas
such as emergency departments, or peri-anesthesia care units.

After completing an anonymous pre-rating process and then participating in a
day-long panel meeting to discuss the indicators and perform their final ratings, the
panelists passed 9 of 79 indicators (11%) as suitable outcomes for evaluating the impact
of AB394. These are: 1) risk adjusted mortality, overall, determined using administrative
data, 2) hospital length of stay, medical patients, 3) failure to rescue, determined using
clinical data, 4) failure to rescue, determined using administrative data, 5) patient

 satisfaction, determined using a survey, 6) patient satisfaction with pain management,

determined using a survey, 7) completion of patient teaching, determined using a survey,
8) perceptions of quality of care, as perceived by nurses, determined using a survey, and,
9) work-related injuries, musculo-skeletal. In addition, 14 of 79 indicators (16%) were
rated as potentially suitable and could be considered for use in the evaluation process.

The use of this process for assessing structural components of care, such as nurse
staffing, is an innovative use of the modified Delphi approach. The results of this phase

Hospital Nurse Staffing and Quality of Care 11l
Executive Summary



of the project demonstrates that this is a valid method for identifying indicators

appropriate for use in outcomes research with a focus on structural predictors of quality
in health care.

General Acute Care Hospital Staffing Survey

A General Acute Care (GAC) Hospital Staffing Survey, designed collaboratively
by DHS Licensing and Certification and UC Davis project staff, was conducted to collect
cross-sectional data on hospitals’ nursing workforce and staffing practices, and to assess
patient-to-nurse staffing ratios within selected AB394 unit types. Although the yearly
OSHPD Hospital Disclosure report contains data that can be used to estimate productive
licensed nurse hours per patient day, these data are aggregated at the cost-center level and
cannot be converted to patient-to-nurse ratios for specific shifts on specific units.
Therefore, the GAC Hospital Staffing Survey analysis was structured to generate
weighted estimates of true patient-to-nurse ratios for selected nursing units, estimate the
statewide nursing deficit (in FTEs) under various AB394 regulatory proposals, estimate

“the financial impact associated with bringing hospitals into compliance with the various
proposals, and to explore the relationships between patient-to-nurse ratios derived from
the 2001 survey and comparable ratios estimated from 1998-99 OSHPD data.

The survey collected staffing data for one randomly selected unit of each type
from a stratified probability sample of 80 GAC hospitals, and for the ten hospitals
operated by the California Department of Developmental Services, Department of
Corrections, Department of Mental Health, and Department of Veterans Services. The
GAC hospital survey included 10 University of California teaching hospitals, 10 Kaiser
hospitals, 20 rural hospitals, 10 public (city or county) hospitals, and 30 other private
hospitals. For each hospital, surveyors ascertained the number of RNs, LVNs, unlicensed
staff, and patients in each sampled unit at the beginning of the surveyed shift, for all
shifts during the past seven days, and for all shifts on ten randomly selected days during
the previous three months. In addition, surveyors collected data on the demographic and
educational characteristics of each.nurse on duty in each sampled unit, and supplemental
information on hospital operations that might explain variations in staffing patterns.

The nursing demographic data indicate that general acute care hospitals in
California have diverse nursing staffs with a variety of educational qualifications,
employment statuses, and experience. Most types of units rely about equally upon BSN
and AA graduates. Although full-time nurses represent at least half of the staff in most
types of units, emergency departments, psychiatric units, and postpartum units rely quite
heavily on part-time and per diem nurses. Average experience is very high for RNs in
labor and delivery, postpartum, and postanesthesia units. Nurses in subacute, combined
stepdown/ telemetry, and oncology units are the least experienced, on average. These
data confirm that a substantial percentage of inpatient nurses, outside subacute units, are
likely to retire in the next decade.

Our weighted staffing analysis indicates that acute care hospitals also vary widely
in the number of patients per licensed nurse, across most types of units. Staffing levels
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are relatively homogeneous on labor and delivery (interquartile range, 0.9-1.3) units,
whereas they are relatively heterogeneous on postpartum (interquartile range, 4.0-6.4),
psychiatric (interquartile range, 3.5-6), subacute (interquartile range, 5.5-10.7), and
mixed (interquartile range, 3.7-6) units. Average staffing levels observed in this survey
were generally similar to average staffing levels estimated in Section II from OSHPD
Hospital Disclosure reports, although staffing for some types of units could not be
estimated from OSHPD data. The major exception was subacute units, for which we
estimated a median of 5.6 patients per nurse from OSHPD data, but we observed a
median of 7.2 patients per nurse in this survey.

The nursing FTE deficits estimated from the survey are substantially greater than
those estimated in Section II using OSHPD Hospital Disclosure reports. We attribute this
difference principally to the fact that the former estimates are based on separate tallies of
nursing deficits on each sampled shift in each sampled unit, whereas the latter estimates
are based on average annual staffing levels for all units of the same type within a
hospital. With variability in nurse staffing and patient acuity across shifts and days, a
hospital may meet the required patient-to-nurse ratio on average, while being
understaffed on up to about half of all shifts. The CDHS proposal would require acute
care hospitals in California to hire approximately 4,880 additional nurses, assuming that
hospitals choose not to reassign staff who are currently working on shifts or units that are
more generously staffed than the regulations would allow. We are 90% confident that the
number of additional nurses to be hired in the first phase of AB 394 implementation will
not exceed 5,820. The cost of hiring these additional nurses will be about $330 million
per year, at 1999-2000 wage and fringe benefit rates. Given our assumptions about
nursing wages and skill mix, we are 90% confident that this cost will not exceed about
$393 million per year, at 1999-2000 wages and fringe benefit rates.

_ With the implementation of stricter staffing standards for medical, surgical,
combined medical/surgical, and mixed units in 2004, the total nursing FTE deficit will
rise to about 7,230 and the financial impact will rise to about $486 million per year. The
financial impact on State-operated hospitals will be modest, as the total nursing FTE
deficit for these hospitals will be about 30 in 2003 and 45 with full implementation of the
proposed regulations in 2004.
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SYSTEMATIC REVIEW OF THE LITERATURE

Margaret Hodge, RN, EdD; Thomas Lang, MA; Mary Jane Sauvé, RN, DNSc; Valerie Olson;
Richard L. Kravitz, MD, MSPH; Patrick S. Romano, MD, MPH

Nurses in acute health care settings are convinced that there is a link between
organization variables, including the numbers and types of nursing staff available to
provide care, and the quality of nursing care that patients receive.[1]

In 1996, the IOM reported that it found little evidence to support
the reports and testimony provided by care givers that staffing levels had an
adverse effect on the care being given.[2]

INTRODUCTION

The Problem: Setting Minimum Nurse Staffing Levels

The growth of managed care has had major financial implications for health care
delivery.[3,4] Two implications are especially important. First, hospitalized patients are more
acutely ill throughout their hospital stay than in previous years and thus require more care.[4-7]
Second, staffing levels of patient care personnel— registered nurses (RNs), licensed practical

-nurses (LPNs), and unlicensed assistive personnel (UAP)—have been reduced to lower costs.[4-
7] Of concern is whether the increased acuity of patients and the decreased numbers of patient
care personnel have threatened the quality of medical care in acute care hospitals.[4-8]

To address this concern, the California State Assembly passed Assembly Bill 394 in
1999. Briefly, the bill requires the California State Department of Health Services (CDHS) to
establish minimum nurse-to-patient ratios in acute care general, special, and psychiatric
hospitals.' (The history of the bill and descriptions of the stakeholders concerned with its
implementation are given in a report from the Center for the Health Professions, University of
California, San Francisco, Minimum Nurse Staffing Ratios in California Acute Care Hospitals.
[9]) More pragmatically, the purpose of this systematic review is to assemble evidence that will
allow the State to resolve differences between a number of competing proposals. For example,
proposed minimum nurse-to-patient ratios for the day shift of typical medical-surgical nursing
" units range between 1:4 and 1:10. Ideally, the evidence developed here would allow the State to
determine which ratio in this range, irrespective of nursing skill mix, is safe, efficacious, and
cost-effective.

Scope and Components of the Systematic Literature Review

In consultation with other UC researchers and a Nursing Evidence Report Advisory
Committee (NERAC), we performed a systematic review of the literature on the relationship
between nurse staffing levels and patient, employee, and institutional outcomes in acute care
hospitals. The five-member NERAC helped to identify the criteria for inclusion of articles, the
data to be abstracted, and the scales on which internal validity and generalizability would be
graded. The NERAC also recommended sources of relevant studies.

! Acute psychatric hospital staffing will be addressed in a separate study, conducted by the UC Davis Center for Nursing
Research. In addition, there are currently no licensed “special” hospitals in California.
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With the assistance of a medical librarian, we identified relevant articles from the
literature. Article titles and abstracts were screened, and articles of potential interest were then
retrieved and evaluated against a set of eligibility criteria. Selected articles were reviewed by
one of two abstractors, who systematically abstracted specific data on a standard form.

From the abstracted data, we constructed evidence tables that addressed each of the three
classes of outcomes. The NERAC reviewed the evidence tables and the associated analysis.

METHODS

Administrative decision about staffing patterns hinge on three factors: the complexity of nursing
care requirements of patients, the quality of care desired, and the containment of health care
costs.[10]

The main reason patients require hospitalization
is to receive skilled nursing care.[11]

We performed a systematic review of the literature regarding the effects of nurse staffing
levels on patient care, employee, and institutional outcomes. Here, we describe how the search
was conducted, how articles were selected, and what data were abstracted for analysis.

Recruitment of Technical Experts

From names suggested by project staff, we assembled the five-member NERAC
(Appendix 1: Table A). We sought to represent nurses working in urban and rural areas; in small
and large hospitals, and in line and management positions. The NERAC provided ideas,
suggestions, and feedback for the design and conduct of the review and commented on the
results.

Study Questions

Project staff, in conjunction with CDHS and the NERAC, identified four general
questions to be addressed in the review:

1. Are variations in nurse staffing levels associated with differences in patient outcomes,
such as mortality, falls, pressure ulcers, and the like?

2. Are variations in nurse staffing levels associated with differences in outcomes related to-
nurses in their role as employees, such as retention, job-related stress, or injuries?

3. Are variations in nurse staffing levels associated with differences in institutional
outcomes, such as labor or viability?

4. Is there evidence to justify setting specific nurse-to-patient ratios for nursing units
in acute care hospitals?

Hospital Nurse Staffing and Quality of Care I-2
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Literature Search

We searched the literature for studies reporting original research published since 1980 in
which some measure of nurse staffing was studied. Most often, this measure was total hours of
nursing care, a nurse-to-patient ratio, or a measure of skill mix, such as the percent of patient
care hours delivered by RNs. To augment the literature review, we also searched for position
statements from professional organizations that had addressed nurse staffing.

The following databases were searched: MEDLINE, CINAHL, the Web of Science, and
ABI/Inform. Editorials, news items, and other non-research-based document types were
excluded from the search. The electronic searches were performed by a masters-level medical
librarian, who is a former RN with 15 years of experience as a reference librarian.

Preliminary searches were conducted to determine the scope and nature of the literature
on the topic of nurse staffing levels. These preliminary searches were presented to the NERAC
to assist it in evaluating the above research questions. After input from the NERAC, a
comprehensive search strategy was implemented (Appendix 1: Table B), and the results were
downloaded into the ProCite for Windows v 5.0 (ISI ResearchSoft) software program.

Other relevant articles were identified in hand searches of the reference lists in the
retrieved articles and reports. After these articles were added to the reference management
database, duplicate entries were eliminated.

Article Selection

The titles and abstracts of articles identified by the electronic search were printed and
screened by two abstractors for possible retrieval. Articles were selected for retrieval if the title
or abstract referenced any of the following (or related) patient, employee, or institutional
outcomes of interest:

Patient Outcomes

* nosocomial infections (pneumonia, urinary tract infections)
+ patient safety (falls) '
» skin integrity (pressure ulcers)
* mortality

* morbidity

« procedural or treatment errors
» medication errors

» patient satisfaction

* length of hospital stay

» readmission rates

Nursing Outcomes

« retention rates (turnover)

* job-related stress (burnout, fatigue)

* job-related injuries (back injuries; needlesticks)
» workplace violence toward nurses

Hospital Nurse Staffing and Quality of Care
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* job satisfaction
* patient monitoring and documentation

Institutional Outcomes
« labor utilization and costs
* patient care costs

Articles identified by either of the abstractors were entered into the reference
management database and retrieved.

Articles identified from the hand searches were retrieved if 1) the text in which it was
cited indicated that the article might be related to some aspect of nurse staffing, or 2) if the title
or abstract of the article mentioned some measure of nurse staffing level or skill mix. Unlike the
electronic search, articles encountered in the hand search that mentioned only patient, employee,
or institutional outcomes were not retrieved unless reference was also made to nurse staffing
levels.

In all searches, studies of intensive care units, nursing homes, skilled nursing facilities, or
long-term care facilities were excluded. Studies done in countries other than the US were not
retrieved. Studies selected for retrieval were identified as such in the database and were then
- retrieved for possible abstraction.

Data Abstraction

Retrieved articles were reviewed for four eligibility criteria. To be included in the
analysis, the research must have:

Described the methods of data collection.

Been conducted in the United States since 1980.

Been conducted in acute care, rehabilitation, or psychiatric hospitals.

Assessed the relationship between some measure of nurse staffing and one or more

- patient, employee, or institutional outcomes. B

bl e

Articles reporting research meeting these criteria were abstracted and graded as described
below Abstracted data were recorded on a standard form (Appendix 1, Item C: Abstraction
Form) by one of two abstractors. Both abstractors and one or two other project staff reviewed
all abstracted articles to confirm that the inclusion criteria were met and that the data had been
abstracted accurately and completely. Differences were resolved by group discussion.

Internal validity

In addition to the data abstracted from each article, we evaluated the internal and external
validity of each study. Internal validity is the degree to which the study likely measured what it
intended to measure. We graded each study on three scales to provide a rough measure of
internal validity:

Hospital Nurse Staffing and Quality of Care ' 1-4
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» study design (2 = prospective; 1 = retrospective; 0 = cross-sectional)
« unit of reporting (2 = each unit; 1 = class of unit; 0 = larger grouping)
» potential for bias (2 = low; 1 = moderate; 0 = high)
Prospective studies (cohort or randomized trials) were those in which data were collected
to answer a specific research question posed before the data were collected. Retrospective

studies (case-control and analyses of large databases) were those in which data were collected for
other reasons and before the research question was posed. Cross-sectional studies were

. descriptive surveys of a single time period.

Unit of reporting is a rough measure of how the results were aggregated when reported.
Of most interest were results reported for each nursing unit studied because these results are
directly applicable to the problem at hand. Of less interest were results reported by class of
nursing unit studied, in which results from, say, all med-surg nursing units were combined. Of
least interest were results aggregated at levels above the class of nursing unit, such as those
reported by hospital, group of hospitals, or even by state.

Potential bias was graded as 1 (moderate) unless the presence or absence of a design or

- analytic feature seemed to make the study more or less subject to bias. Such features were

recorded in a “notes” data field on the abstraction form. We recognize the difficulties in
accurately assessing bias in these studies but felt compelled to identify studies that were
especially methodologically strong or weak.

External validity

External validity is the degree to which the results of the study could be applied to other
settings. Again, each study was graded on three scales:

e The date the data were collected (2 = 1995 or later; 1 = 1990-94; 0 = 1989 or before). In
the evidence tables, these dates are referred to as the “age of data.”

o The number of hospitals studied (2 =10 or more; 1 =2t0 9; 0 = 1).;_
e The number of nursing units studied (2 =10 or more; 1 =410 9; 0 =1 to 3).

The three periods of data collection were chosen to reflect the growth of managed care.
Thus, studies conducted before 1990 were deemed to predate many of the changes that
accompanied managed care. Those between 1990 and 1995 should reflect the early stages of -
managed care, and studies in the past 6 years should reflect the most recent practices.

The number of hospitals and nursing units (and in some cases, the number of nurses or
the number of patients) in the study constituted the sample size.

We report the results of each study along with the grades of the six scales for internal and
external validity for the study itself. This format allows each result to be interpreted in light of
the study’s characteristics. Because the numerical results were often difficult to interpret, we
expressed them in clinical terms. For example, one study reported that a richer skill mix was

Hospital Nurse Staffing and Quality of Care I-5
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significantly associated with a decrease in the rate of medication errors. The numerical results
were presented as B = -0.53; P < 0.05, where B is a regression coefficient and P is the probability
that a coefficient as large or larger as the one observed (-0.53) would have occurred by chance if
there were, in fact, no relationship between skill mix and the rate of medication errors. We

expressed the data reported in standard Roman type, and the extrapolation or interpretation of the
data in bold type:

Example: Each 1% increase in RN skill-mix was associated with a decrease of one-
half of a medication error for every 10,000 doses administered (f = -
0.53; P <0.05). An increase of about 2% in RN staffing mix would
be required to prevent 1 additional medication error in every 10,000
doses administered.

Expressing the results in this way requires two assumptions, both of which are easily
violated. The first assumption is that the reported relationship was, in fact, linear. Studies using
linear regression analysis, in general, did not report whether the assumption of linearity was met.
In the two studies that did test for linearity (both studies by Blegen et al.), the relationships were
not linear. The second assumption, made when extrapolating the results into clinically
interpretable terms, is that the results could be extended beyond the range of data collected in the
study. For example, as a general rule, we looked at the presumed effect of enriching RN skill
mix by 10% to help determine whether the extrapolated results might be clinically important. If
the range of skill mixes studied was less than 10%, this assumption could easily be violated.

Clinical and Statistical Grades

Three members of the project staff, an RN, an MD, and a specialist in réporting
biomedical research, independently graded the clinical importance of each finding as shown
below. Differences were resolved in discussion.

Clinical grades are as follows:

0 = The finding was not con81dered to be chmcally important, usually because it was
small, inconsistent, or required excessive resources to achieve.

? = The finding may or may not be clinically important, depending on the range of
severity of the outcome.

1 = The finding was considered to be clinically important.

We fully recognize that the clinical grades are subjective and involve trade-offs between
clinical inputs (staffing) and outputs (usually adverse events) that may be valued differently by
different groups. We tried to be reasonable in our gradings, but people may interpret the findings
differently. The authors of the reviewed articles, who faced these same concerns, usually

ignored them and relied solely on the results of significance testing when interpreting their
results.

Statistical significance was graded as follows:
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0 = The P value was greater than 0.05, was not reported, or the results were described
as not being statistically significant.

1 = The P value was less than 0.05 or the results were described as being statistically
significant.

Description of Evidence Tables

Abstracted data were sorted into three types of evidence tables for analysis. The first
type lists the research questions and response variables used in the studies reviewed. The second
type summarizes the organizational units investigated. The third type summarizes the results of
each study and presents the grades for internal and external validity and the effect score. All
tables and the analysis were then presented to the NERAC for evaluation and comments.

RESULTS OF THE LITERATURE SEARCH

. . . like medical care, [nursing care] is subject to practice variations . . .[12]

The amount of time spent by a nurse with a patient to provide quality care. . . is more
than the sum of its parts.[13]

The literature searches identified 2870 articles of potential interest. Of these, 458 were
selected for retrieval by at least one abstractor. Of the articles selected for retrieval, 456 (99.5%)
were obtained. Of the retrieved articles, 419 were rejected for not meeting the inclusion criteria
or for not reporting key information, leaving 37 articles for analysis. Of these, 6 were published
between 1980 and 1985; 7 between 1986 and 1990; 13 between 1991 and 1995; and 11 since
1996. These 37 articles reported 266 individual findings, each of which is described in the
evidence tables cited here.

Questions Addressed in the Literature (Table 1)

Researchers have asked a variety of questions about the effect of nurse staffing on the
delivery of medical care (Table 1). Most studies used as an explanatory variable a measure of
either total nursing staff, consisting of all or some combinations of registered nurses (RNs),
licensed vocational or practical nurses (LVNs or LPNs), and unlicensed assistive personnel
(UAP), or of “skill mix,” generally the proportion of the nursing staff that consisted of registered
nurses. About a third of the studies analyzed data from state or national databases.

Organizational Units and Characteristics Studied (Table 2)

Research has been conducted at all organizational levels using a variety of endpoints
(Table 2). For our purposes, studies reporting data at the level of the nursing unit were of most
interest. Data aggregated by hospital generally include all nursing units, including intensive-care
units, whose higher mortality, higher staffing levels, and richer skill mix make the results more
difficult to interpret. About half the studies reported data at the hospital level, and half reported
it at the nursing unit level. The few remaining studies were of individual nurses or patients,
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patients, rather than of organizational units.
Results By Study Question

The results for each of the four study questions are presented in evidence Tables 3
through 19 and are summarized in Table 20. In the evidence tables, studies of total nurse
staffing and of skill mix are presented together. Ellipses (. . .) indicate data that were not
reported. Data abstracted from the original articles are presented in standard Roman type. The
extrapolated and interpreted findings are presented in boldface type. The number at the end of
each finding is the page number of the original article from which the data were abstracted. In
some cases, the results were counter intuitive, as when a marked increase in RN staffing was
associated with an increase in error rates, or when a marked decrease in RN staffing had no
effect on error rates. We indicated such findings by enclosing the clinical grade in parentheses.

Question 1. Are variations in nurse staffing levels associated with differences in patient ‘
outcomes?

Effects of Nurse Staffing on Unspecified Nosocomial Infections (Table 3)

The 6 studies that examined the effect of nurse staffing on unspecified nosocomial
infection rates reported 10 findings, 3 of which were clinically and statistically
significant (Table 3). The ANA study [1997] found statistically significant
relationships between skill mix and postoperative infection rates among more than
300 California hospitals in 1992 and 1994, but not among more than 125 New
York hospitals during the same years. Halley [1982] found that understaffing on a
neonatal intermediate care unit was strongly associated with the incidence of
staphylococcal infection rates.

The one prospective study, by Shukla [1983], found that nursing skill mix had no
effect on postoperative infection rates. Taunton [1994] reported that absenteeism
was statistically associated with increased infection rates, but the results were not
consistent over time or among hospitals. Finally, Grillo-Peck [1995] found that
reducing skill mix from 80% RN to 60% RN had no effect on infection rates.

Effects of Nurse Staffing on Urinary Tract Infections (Table 4)

Four studies investigated the effect of nurse staffing on urinary tract infection
(UTY) rates (Table 4). Of the 16 results, 10 were statistically significant. The
ANA study [1997] found a relationship in California hospitals for both 1992 and
1994, and for New York hospitals only in 1994, Needleman [2001] reported a
relationship between skill mix and infection rates in medical, but not in surgical
patients. '

Sovie [2000], in a large and rigorous study, found that total nursing hours per
patient day was associated with a decrease in UTI rates. This finding was present
only in 1997 data, however, not in 1998 data, and the clinical importance of the
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effect could not be assessed. Kovner [1998] found that a higher number of RN
FTEs/patient day was statistically associated with lower rates, but the clinical
importance of the lower rates we judged to be marginal.

Effects of Nurse Staffing on Rates of Pneumonia (Table 5)

All three of the studies using pneumonia as an outcome reported clinically
important and statistically significant results (Table 5). The ANA [1997] study
found a relationship with skill mix in California hospitals, but not in New York
hospitals; Needleman [2001] found a relationship with skill mix on both medical
and surgical units; and Kovner [1998] found a relationship between the number of
RNs/patient day in patients after surgery but not after invasive vascular
procedures.

Effects of Nurse Staffing on Patient Falls (Table 6)

Of the 10 studies investigating patient falls, 3 reported relationships with nurse

staffing characteristics (Table 6). Blegen [1998B], in a study of 39 nursing units

from 11 hospitals, found that fall rates were lower in units with richer skill mixes.

Paradoxically, Grillo-Peck [1995] reported that reducing the skill mix of 80% RN

to 60% RN, while increasing the total number of care givers, resulted in a drop in
~ fall rates among 71 patients on a neuroscience unit.

p Sovie [2000] found that RN hours worked per patient day was statistically
associated with fall rates on medical and surgical units in 1997, but the
associations were gone in 1998. Fall rates decreased when total hours of nursing
care increased, but the change was not statistically significant.

In one nursing unit, Kustaborder [1985] found that the rate of falls per admission
increased as the number of patients assigned to one nurse increased from 15 to 18.
No change in rate was found after coordinating break schedules to keep staff
available on the floor. Arbesman [1999] reported that the ratio of actual to
expected nurse-staffing levels was no different for 252 seniors who fell in the
hospital than in 250 controls matched for sex, age, and time since hospital
admission. Nurse absenteeism was not related to patient falls in either Ceria’s or
Taunton’s studies.

Effects of Nurse Staffing on Pressure Ulcers (Table 7)

Despite the attention paid to pressure ulcers as a potential indicator of nursing .
quality, only 4 studies included it as an endpoint (Table 7). The 1997 ANA report
found that richer skill mixes were associated with lower pressure ulcer rates in
California and New York hospitals in 1992 and 1994. Total nursing hours was
associated with lower rates in New York in 1992 but not in 1994, and in
California in 1994, but not in 1992.. Blegen [1998A] also found that a richer skill

' mix, up to 88% RN, was associated with lower rates in 42 nursing units from one
hospital.
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Effects of Nurse Staffing on In-hospital Mortality (Table 8)

~ The effect of nurse staffing on in-hospital mortality was reported in 11 studies, 4

] of which found a significant relationship (Table 8). Manheim found that more
RNs per admission and a richer skill mix were each associated with lower
mortality rates in 3,796 hospitals in 1992. (This effect was 10 times larger than
the other findings of the study, however, which makes us wonder if the result is
reported correctly.) Hartz [1989] also reported that more RNs and a richer RN
skill mix were associated with lower mortality among 3100 hospitals (the data are
from 1986). Krakauer and colleagues compared two predictive models
constructed from different data sets: one based on HCFA (Healthcare Finance
Administration) claims data and another based on clinical data collected
specifically to validate the claims. Both models support an inverse relationship
between a richer RN skill mix and in-hospital mortality. Finally, Aiken [2000]
reported a similar relationship in 22 hospitals known for quality of nursing care
(“magnet hospitals”) but not in 314 nonfederal hospitals. All of these studies used
data aggregated at the hospital level.

Blegen [1998A], the one study not aggregating data from large numbers of
hospitals, reported that each additional percentage of RNs in the skill mix, above
88%, was associated with a statistically significant increase of 0.3 deaths/1,000.
patient days. While each additional percentage increase in the number of RNs in
the skill mix up to 88%, was associated with a decrease in mortality.

‘ ~ Effects of Nurse Staffing on Hospital Length of Stay (LOS) (Table 9)

Six studies compared nursing staff characteristics to hospital length of stay (Table
9). Once again, Sovie [2000] found significant relationships in 1998 data but not
in their 1997 data. The ANA study likewise found conflicting results between its
1992 and 1994 data. Higher total nursing hours and richer RN skill mixes were
significantly related to decreases in LOS in California and New York hospitals for
both periods and for Massachusetts hospitals in 1994.. Shamian [1994] also found.. ...

“ i that LOS was lower when total hours worked per patient day was higher on 9
different services.

Statistical relationships were reported by Sovie [2000] and the ANA [1997], but
the decreases in LOS were not considered to be clinically important.

Flood [1988], who compared a chronically understaffed unit with an adequately
staffed one, found that the adequately staffed unit had a 1.3-day lower LOS and
9% fewer patients with LOS’s above the hospital mean, although neither
difference was statistically significant. Grillo-Peck reported a 0.7-day decrease in
LOS in one nursing unit after the change from 80% to 60% RN skill mix. The
difference was not statistically significant. '

Effects of Nurse Staffing on Testing, Treatment, and Procedure Errors (Table 10)

o
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Only 2 of the 6 studies using testing, treatment, or procedure errors, such as errors
in adminstering medications, as outcomes reported a relationship with nurse
staffing (Table 10). In both of the studies reported by Blegan in 1998 [A & B], a
curvilinear relationship was indentified. An increase in the RN skill mix up to
88% (A) or 85% (B) was associated with a decrease in the rate of medication
errors/10,000 doses, while a skill mix greater than 88% (A) or 85% (B) was
associated with an increase in medication errors.

Effects of Nurse Staffing on Complications Other Than Infections (Table 11)

Several studies used patient complications as an outcome variable (Table 11).
Behner et al. found a significant, inverse relationship between nurse staffing
levels and complication rates in the first 3 days of hospitalization among 132
surgical patients on one nursing unit. Data were not reported, however.
Needleman [2001] reported clinical and statistical inverse relationships between
total nursing hours and shock in medical patients; between total nursing hours and
the rates of gastrointestinal hemorrhage in medical patients; and between total
nursing hours and total RN hours in rates of “failure to rescue” (death after
complications) in surgical patients. In a study of 506 hospitals, Kovner [1993]
reported statistically significant inverse relationships between RN FTEs and non
RN FTE and rates of venous thrombosis among patients after major surgery. The
clinical importance of this relationship could not be determined, however.

Effects of Nurse Staffing on Patient Satisfaction (Table 12)

Moving from a team model of nursing to an all RN-model was statistically
associated with less satisfaction of care in Shukla’s 1983 study (a drop from 69 to
57 points on a 100-point scale). Higher nurse staffing was statistically related to
greater patient satisfaction with care in studies by Dobal [1995], Sovie [2000];,
and Hinshaw [19981], although the effect sizes were not remarkable. Skill mix
explained 38% of the variation in patient satisfaction with pain management on
medical units in Sovie’s 1997 data but not in the 1998 data. Hinshaw [1981],
using 1976 data, found that patients trusted their nurses more when all-RN
staffing replaced a team staffing model. The difference was a half-point on a 5-
point Likert scale. Finally, in a survey by Dobal of 442 care providers, including
nurses, nurse-to-patient ratios explained 18.5% of the variation in nurses’
perception of being able to meet the families’ needs and 9% of the variation in
nurses’ perception of the quality of their own supporting care.

Question 2. Are variations in nurse staffing levels associated with differences in
employee outcomes?

Effects of Nurse Staffing on Patient Care Monitoring (Table 13)

In a well designed, 7-year study done in the late 70s and early 80s, Carter and

" colleagues [1986] found that a richer skill mix was associated with 1) better
quality nursing care plans, 2) better documentation of nursing care, and 3) better
nursing care (Table 13). These results reflect significant relationships between
skill mix and three indices, each consisting of the percentage of affirmative
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responses given by trained raters to the number of questions comprising the index.
The clinical implications of changes in the indices are not discussed.

q? The other investigator to consider patient care monitoring, Ceria, reported
preliminary results of a larger study that does not appear to have been published.
No data or even operational definitions of variables (“nurse absenteeism,” “care
plan monitoring™) are included in the short preliminary report, although all results

were said to be not statistically significant.
Effects of Nurse Staffing on Nurse Documentation (Table 14)

In a 1976 study published in 1981, Hinshaw observed that changing from a team
model of nursing to an all-RN model was accompanied by an increase in the
number of documented patient problems (Table 14). Kuhn [1991] studied 1,219
hospitals and found that richer skill mix was statistically, associated with lower
physician-confirmed problem rates in quality of care reviews in California, New
York, Pennsylvania, Illinois, and Texas, but not in Ohio.

Effects of Nurse Staffing on Nurse Absenteeism, Turnover, and Vacancy Rates (Table 15)

Richer nurse-to-patient ratios and higher ratios of nurses to hospital beds were
directly associated with higher rates of turnover, according to Bloom et al. (Table
15). The authors interpreted this result to mean that RNs had more upward
mobility in those hospitals with higher nurse-to-patient ratios, not that
dissatisfaction with the nursing model was associated with resignations.

ﬂ Effects of Nurse Staffing on Nurse Satisfaction (Table 16)

Only one older study, Hinshaw [1981], tested for a relationship between nurse
staffing and job satisfaction. Self-report measures of both job satisfaction and
group cohesion were statistically associated with the change to 100% RN staffing
on the one nursing unit studied (Table 16). Both endpoints were evaluated on a 5-
point Likert scale, making the differences difficult to interpret.

Effects of Nurse Staffing on Other Aspects of-N.ur:Sing (Table 17)

In addition to Hinshaw’s 1981 finding that definitions of nursing became “more
professional” with an all-RN staff, Lanza concluded that assault rates on six
psychiatric units were not related to the number of patients, RNs, LPNs, UAPs, or
total staff (Table 17).

Question 3. Are variations in nurse staffing levels associated with differences in
institutional outcomes?

Effects of Nurse Staffing on Amount of Direct Nursing Care (Table 18)

Arndt [1998] found that increasing the proportion of care delivered by RNs (a
richer RN skill mix) was statistically associated with a 12-minute per day increase
in the amount of care received by patients undergoing nonradical hysterectomy

ﬂ and with a 9-minute per day decrease in the amount of care received by patients
undergoing femoral hernia operations (Table 18).
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Effects of Nurse Staffing on Institutional Financial Outcomes (Table 19)

Of the 9 studies on financial outcomes, 6 reported financially important, but not
statistically significant, relationships (Table 19). Hinshaw [1981], Bostrom
[1993], Behner [1990], Flood [1988], Halloran [1983], and Osinski [1980] all
reported that enriching RN skill mix or adding more RNs to the staff were cost-
effective strategies. All of these studies predate the introduction of managed care,
however. In a more recent study, Sovie [2000] found no relationship between
regional adjusted labor costs per discharge and skill mix.

Basiﬁg costs on a standardized patient, Glandon [1989] concluded that richer skill
mixes were more expensive than leaner ones. ’

Question 4. Is there evidence to justify setting specific nurse-to-patient ratios for
nursing units in acute care hospitals?

None of the studies reviewed were designed specifically to compare nursing units

using nurse-to-patient ratios as explanatory variables. Virtually all studies

adjusted for patient acuity, and most also adjusted for nursing skill mix. Thus, we

found no evidence to justify specific nurse-to-patient ratios in acute care hospitals,
. especially ratios that are not adjusted for case mix and skill mix.

Summary of the Evidence

All 266 findings from the 37 studies are summarized in Table 20.

The strongest evidence for a relationship between nurse staffing and patient outcomes
is between RN skill mix and hospital mortality. Of 11 studies testing this
relationship, 4 found results that were both clinically and statistically important, with
10 of 28 findings indicating a statistically significant relationship.

All 3 studies testing the relationship between nurse staffing levels and the rates of

- pneumonia likewise reported clinically and statistically important relationships, and g

of 11 findings were statistically significant.

An inverse relationship between nurse staffing and length of stay was found in 3 of 6
studies using hospital length of stay as an endpoint.

Clinically and statistically important relationships were reported by between nurse
staffing and rates of nosocomial infections (4 of 10 findings were statistically
significant), rates of urinary tract infections (10 of 16 findings were statistically
significant), rates of pressure ulcers (8 of 19 findings were statistically significant),

- and nursing documentation (6 of 10 findings were statistically significant). Each of

these relationships was reported by 2 studies.
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e Of 9 studies on the financial implications of more or richer RN staffing, 2 found no
relationship (more or richer RN staffing did not increase costs) and 6 found cost
savings, although none of the 8 findings were statistically significant.

DISCUSSION

One of the principal features of any system is that its performance is determined as much
by the arrangement of its parts—their relations and interactions—as by the performance
of the individual components.[14]

Nursing care is a key factor in the outcomes of hospitalized patients, but patient
outcomes are also affected by care from other disciplines, the severity and complexity of
the patient’s condition, other characteristics of the patient, and the work
environment.[15]

Summary of the Results

Although limited, there is a growing body of evidence showing a relationship between
nurse staffing levels and patient, employee, and organizational outcomes. While not compelling,
the evidence does suggest probable inverse relationships between:

1) The number of RNs, and to a lesser extent, RN skill mix, and hospital mortality.

2) The number of RNs and, to a lesser extent, RN hours worked per patient day, and rates
of pneumonia.

3) Total nursing hours worked per patient day and, to a lesser extent, RN skill mix, and
hospital length of stay. | '

In addition, the evidence suggests statistical, if not clinical, relationships between nurse
staffing and rates of nosocomial infections, urinary tract infections, pressure ulcers, and
identification of patient problems.

Increasing the number of RNs or enriching the RN skill mix does not appear to increase
costs and may even reduce costs when the expenses of adverse patient outcomes are considered.

Finally, none of the reviewed studies compared the effects of specific nurse-to-patient
ratios. Almost all the studies included in the analysis adjusted their analyses for both the case
mix of the patients (severity of illness) and the skill mix of the nursing staff (the ratio of RNs to
other nursing personnel). Thus, the literature offers no support for establishing minimum nurse-
to-patient ratios for nursing units in acute care hospitals, especially in the absence of adjustments
for case mix and skill mix.

Characteristics of the Literature

None of the 37 studies reviewed directly and systematically compared specific nurse-to-
patient ratios. About half of the studies (19 of 37) used hospital-level data, rather than nursing-
unit-level data. This aggregation confounds the interpretation of these studies because they
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characteristics. However, when Needleman et al. [16] compared data from nursing units in
California to hospital-level data throughout the country, they found no appreciable differences in
the results. They looked only at statistically significant results, in the predicted direction, which
were consistent across 10 regression models. In contrast, we found that only 9 of 62 findings
(15%) graded as both clinically and statistically significant were from studies reporting nursing-
unit-level data, and only 18 of 153 (12%) statistically significant findings came from such
studies.

With the exception of satisfaction with nursing services, all patient outcomes studied
were adverse events. Positive outcomes are thus conspicuous by their absence and may be a new
area for research.[17] In addition, all outcomes studied were events that occurred during the
hospital stay. Verran [18] has suggested that the effects of quality nursing care may not appear
until after discharge. If so, such effects may include more positive outcomes, such as major
changes in lifestyle or changes in specific health behaviors. Assessing the effects of nursing care
after discharge may also be a fruitful area of research.

The following methodological and analytical problems [19] are abundant in the articles
reviewed:

» Statistical significance was often confused with clinical importance. The relative absence
of confidence intervals contributes to this problem by focusing attention on P values and
not on the differences or changes they represent. Often, small or even trivial differences
were cited as evidence in support of a relationship on the sole basis of a statistically
significant P value.

* The assumptions of statistical tests often appear to have been violated, such as when
parametric tests were applied to markedly non-normally distributed data (such as analyzing
apparently untransformed length-of-stay data with ANOV A) or when linear regression
analysis is applied with no assurance that the data actually showed linear relationships.
Many results are presented as regression coefficients, but few studies reported analysis of
residuals that would have confirmed linearity.

* Rarely did authors report whether or not they had controlled for multiple comparisons, a
process that increases the probability of making type-I errors. Many studies had multiple
response variables, multiple explanatory variables, multiple subgroup analyses, or data
collected at multiple time points, all of which are subject to the multiple comparisons
problem. Statistical corrections for this problem were rarely mentioned in the articles.

* Positive conclusions were often drawn when any subgroup analysis showed a relationship
between higher nurse staffing and improved patient outcomes. This problem was
especially noticeable when the study considered several explanatory and response
variables. One study, for example, reported only 7 of the 120 relationships possible when
comparing 3 staffing variables with 5 patient outcomes for 2 types of nursing units, for two
levels of aggregation above the nursing level, for each of 2 years.

» Results expressed as regression and correlation coefficients were rarely interpreted for their
clinical importance. Instead, the results were usually judged to be positive or negative on
the basis of P values alone. We imposed such interpretations on the reported results in the
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interest of rendering them comprehensible but may have done so in violation of the
assumptions of the analysis; namely, that the relationships were linear and that the results
were sometimes extrapolated beyond the range of the collected data.

Types of Nursing Shortages

Prescott and colleagues [20] identified four situations in which nurses “work short”; that
is, work on understaffed nursing units. A vacancy shortage is caused by not being able to fill an
existing position. This type of understaffing is influenced by the supply of nurses, as well as by
institutional inducements to attract and retain nurses. One potential consequence of AB 394 may
be to increase the number of nursing positions beyond the short-term supply of nurses, resulting
in vacancy shortages.

A transient shortage is caused by unplanned absences that create unpredictable but short-
term understaffing. Two, less obvious, circumstances can lead to transient shortages: the
addition of new nursing graduates to a unit and the temporary assignment of a “float” nurse
whose clinical expertise does not match the needs of the unit. AB 394 does not address these
two circumstances because the bill does not incorporate skill mix into the mandated staffing
requirement.

A scheduling shortage is created when too few nurses are scheduled to work during
certain periods, such as weekends and holidays, when a hospital’s census is expected to be
reduced. Scheduling shortages are compounded if nurses must perform tasks usually done by
others, such as patient transportation, social services, or housekeeping. A case in point: some
hospitals receive up to 80% of their admissions from the emergency department (ED). (In
California hospitals, 34% of all admissions statewide come from the ED.) [21] Variations in time -
of day and day of week require unscheduled staffing.[22] Again, scheduling shortages are not
directly addressed by AB 394. '

A position shortage is created when too few positions or inappropriate positions
(resulting in an inadequate skill mix) are allocated to a unit. Such shortages are usually
associated with fiscal constraints. Posmon shortages are planned and predlctable and are directly
addressed by AB 394. : e

The patient outcomes studied in the literature have their basis in the fact that “When
nurses work short, they change the way they do their jobs.”[20] In particular, nurses may make
four types of changes:

1. Patient care needs will be prioritized differently, with critical needs such as assessments
and administration of medications will taking precedence over psychosocial or
educational needs. This leads to a reductlon in emotional, social, and instructional
support for the patient.

2. There may be an increase in the number and seriousness of errors as well as a decrease in
the ability to identify errors.
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3. The care they provide may lack continuity. Nurses have less time to develop rapport with
their patients and therefore cannot follow them as closely or anticipate their needs as
well.

4. Insufficient staffing may lead to inappropriate resource use. Transfers to or from the
intensive care unit may be accelerated or delayed. For example, a patient may be moved
out of the ICU a day early in order to make room for a more critically ill patient, or a
patient may be held in the ICU longer than necessary because there is not adequate
staffing on the medical-surgical units.

Discussion of Study Questions

Question 1. Are variations in nurse staffing levels associated with differences in patient
outcomes?

Effects of Nurse Staffing on Nosocomial Infections

The most common infections acquired by patients in the hospital are those of the
urinary tract, surgical wounds, bloodstream, and respiratory system
(pneumonia).[24] In fact, the evidence evaluated here suggests that rates of
nosocomial infections, especially pneumonia and urinary tract infections, are
affected by nurse staffing levels.

Effects of Nurse Staffing on Patient Falls

We found no evidence linking nurse staffing variables to patient falls, despite the
conclusion of Reed et al.[17] that falls are more likely to reflect the quality of
nursing care than patient acuity.

Effects of Nurse Staffing on Pressure Ulcers

Two studies reported some evidence of a relationship between nurse staffing
variables and the incidence of pressure ulcers in acute care hospitals. The
-1997 ANA study reported clinically and statistically important findings
between skill mix and ulcer rates for California and New York hospitals in
1992 and in 1994. Total nursing hours was associated with ulcer rates in
California in 1994 but not 1992, and in New York in 1992 but not 1994.
Blegen (1998A) also found a relationship between ulcer rates and skill mix
but not total nursing hours.

Reed and colleagues [17] concluded that pressure ulcers were more likely to
reflect patient acuity than the quality of nursing care.

Effects of Nurse Staffing on In-hospital Mortality

More studies (4 of 11) reported an inverse relationship between nurse staffing and
in-hospital mortality than with any other outcome. In addition, 10 of the 28
findings indicated a statistical relationship between these two variables. Although
this relationship may be one of cause and effect, it may also be the result of other
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health care trénds. For example, in the past decade, the number of nurses has
been declining and the acuity of hospitalized patients (and therefore the risk of
death) has been increasing, both in response to cost containment efforts. Thus, it
1s possible that mortality is more likely to reﬂect patient aculty than the level of
nurse staffing. [17]

Effects of Nurse Staffing on Hospital Length of Stay

The possible relationship between nurse staffing levels and hospital LOS
suggested by the data is difficult to interpret. Some authors [24] interpret a direct
association between staffing levels and LOS as being expected, because sicker
patients have longer stays and therefore require and receive more nursing care.
Others [25,26] interpret an inverse association as evidence that better nursing care
reduces LOS. In addition, the introduction of critical paths and prospective
payment may result in the maximum stay being specified at the time of admission
[18], which, even if not always the case, would undoubtedly reduce the variability
of hospital stays and, hence, its usefulness as a sensitive measure of nursing care.

Personal care and psychological support are an integral part of professional
nursing practice.[27,28] At least in the past, psychosocial care directed to the
personal, emotional, and existential needs of the patient has been associated with
reduced LOS. In a meta-analysis of 13 studies of psychosocial interventions
using hospital days after surgery or heart attack as outcomes, Mumford and
colleagues [25] reported that psychological interventions reduced hospital LOS
: from an average of 10 days in the control group to about 8 in the treatment

’ groups, a reduction of 19%. In another meta-analysis of 33 studies, including 9
from the Mumford review, Devine and Cook [26] found an average decrease in
LOS of 1.3 days, or about a 12% reduction. Whether these reductions can be
achieved in the current decade is unknown, but they do indicate a relationship
between nursing care hours and patient outcomes. Hogan and Rohrer [29] also
concluded that psychosocial nursing care in nursmg home patients was associated
with modest cost reductions.

Mumford et al. note that: “It is often argued that the medical care system cannot
afford to take on the emotional status of the patient as its responsibility. Time is
short and costs are high. However, it may be that medicine cannot afford to
ignore the patient’s emotional status, assuming that it will take care of itself.
Anxiety and depression do not go away by being ignored.”[25]

Although not directly related to nurse staffing levels, some studies have found
that discharge planning by nurses can safely reduce hospital LOS. In an analysis
of 500 representative patients discharged from an acute care hospital in 1983,
Marchette and Holloman [30] found that for each area of discharge planning
performed by a nurse (nutrition, medication, activity, and so on), hospital stay
decreased by an average of 0.8 days. Further, every day that a patient’s discharge
planning was postponed resulted in an additional 0.8-day increase in LOS.

Hospital Nurse Staffing and Quality of Care I-18
Systematic Review of the Literature



Brooten and colleagues [31] reported that appropriate discharge planning and
follow-up home nursing visits for very-low-birth-weight infants reduced length of
stay by an average of 11 days (47 vs 58 days) and mean hospital charges by 26%
(348,000 vs $65,000). Neidlinger et al. [32] found that comprehensive discharge
planning by a clinical nurse specialist was cost-effective for hospitalized geriatric
patients. (Mean hospital costs for the intervention group were $3,100; mean costs
for the control group were $4,400. P = 0.036 for the difference, $1,311). Again,
these reductions may not be possible in the current decade, but they do show that
discharge planning is a cost-effective use of nurses’ time. Finally, Naylor and
colleagues [33] reported that comprehensive discharge planning delayed or
prevented hospital readmission among elderly medical and surgical patients,
especially in the first 6 weeks after discharge. However, unplanned readmissions
to the hospital are usually interpreted to mean that patients were discharged
prematurely, a supposition that may or may not be true.[23]

Effects of Nurse Staffing on Testing and Treatment Errors

One of the most studied treatment errors is that of medication delivery errors:
wrong patient, wrong drug, wrong dose, wrong route, or wrong time.[18] Reed
and colleagues [17] in a correlational study, concluded that medication errors
were more likely to reflect the quality of nursing care than patient acuity. Further,
Blegen found that skill mix up to approximately 85% RNs was associated with a
decrease in medication errors.

Effects of Nurse Staffing on Other Complications

’ In the second ANA report, Nurse Staffing and Patient Outcomes,[34] which we
did not abstract for this review, Lichtig and colleagues also explored relationships
between nurse staffing characteristics and 12 other complications:

adverse drug reactions anoxic brain damage

communicable conditions post-partum complication

diabetic complications joint effusion ‘

metabolic imbalances personal care complications S
secondary psychiatric diagnoses transfusion reactions

trauma in non-trauma patients vascular complications

None of these complications was statistically related to nurse staffing levels, and
the results differed across different data sets (MEDPAR, HCFA, various state
databases). ’

Needleman et al. [16] found no associations among medical or surgical patients
between either RN hours/day or total nursing hours/day and the rates of deep vein
thrombosis, central nervous system complications, sepsis, wound infections,
pulmonary failure, and metabolic derangement. They did find an association
between total nursing hours per day and total RN hours per day and shock in
‘medical patients.
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Although back pain and needlestick injuries were referenced as being related to
nurse staffing levels, we found no study that used these outcomes.[35]

Effects of Nurse Staffing on Patient Satisfaction and Perceptions of Care

Although 4 of 6 studies reported at least a statistical relationship between nurse
staffing and measures of patient satisfaction, the findings are not persuasive. In a
study of AIDS units, Aiken and colleagues [36] found that nurse control over the
practice setting explained almost all of the variation in patient satisfaction that
was associated with different organizational forms of AIDS care. In other words,
nursing competence, rather than nursing numbers, is likely what affects patient
satisfaction. In addition, patient complaints may more likely to reflect patient
acuity than the quality of nursing care.[17]

A finding from a Gallop poll indirectly related to patient satisfaction—and subject
to considerable bias in the nature of the question—is that 84% of American adults
surveyed preferred a nurse-to-patient ratio of 1 to 4 over a ratio of 1 to 6.[37] A
survey of nurses perceptions of health care in US hospitals, found that 69%
believed that patients were not receiving adequate care. In addition, 66% of
respondents believed that staffing levels were inadequate where they worked, and
75% were concerned that short staffing would lead to mistakes in patient care.
[38]. -

Question 2. Are variations in nurse staffing levels associated with differences in
employee outcomes?

Effects of Nurse Staffing on Patient Care Monitoring

In a 1986 chapter, Carter et al. [39] report a clinically important and statistically
significant relationship between nurse staffing and patient monitoring. Ceria, [40]
in a preliminary report not followed by a complete account, did not.

Effects of Nurse Staffing on Nursing Documentation

Nursing documentation is important because problems that are not documented
tend not to be treated. Both Kuhn [41] and Hinshaw [42] reported clinically
important and statistically significant relationships between nurse staffing and
documentation of patient problems. A possible problem in interpretation is
whether more nurses simply have the time to document more problems or whether
the number of problems they detect is actually greater.

Effects of Nurse Staffiyng on Absenteeism, Turnover, and Vacancy Rates
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- Bloom et al. [43] found that RN skill mix was directly related to turnover rates.
Their interpretation is that “When nurses work in settings where there is a strong
professional culture, their sense of their potential is reinforced, and alternative
opportunities available to them are introduced. One might expect that turnover in
this situation would be to another position rather than turnover due to family or
other personal factors.” They also conclude that organizational and working
conditions are important factors in voluntary turnover and that these conditions
are amenable to administrative interventions.

Duquette et al., [44] in a systematic review, concluded that the evidence supports
a direct relationship between heavier workload and burnout. Time spent with
patients by itself, however, did not appear to be associated with burnout.

Effects of Nurse Staffing on Nurse Satisfaction

The one study of nurse staffing levels and nurse satisfaction (Hinshaw,1981[42])
found a statistically significant relationship between the move to all-RN staffing
and increased job satisfaction among nurses. Satisfaction was measured with a 5-
point Likert scale, so the “clinical” importance or implications of the change in
scores from a mean of 2.97 to 3.52 could not be determined.

Effects of Nurse Staffing on Other Aspects of Nursing

Lanza [45] studied the factors that might explain patient assaults on staff on
psychiatric units. They found no consistent relationships between assault and:
number of patients, number of RNs, number of LPNs, number of nursing
assistants, total number of staff, or any patient-to-staff ratio.

Question 3. Are variations in nurse staffing levels associated with differences in
institutional outcomes?

Effects of Nurse Staffing on Amount of Direct Nursing Care

Neither Shukla (1983)[46] nor Arndt (1998)[47] found that skill mix was

substantially related to the amount of direct nursing care provided to patients.

That is, more nurses may not translate to more nursing care. Increasing the

percentage of RN in the nursing staff probably has a larger effect on the quality
~of patient care than on the quantity of patient care.

Effects of Nurse Staffing on Institutional Financial Outcomes

All but 1 of the 9 studies of financial outcomes of nurse staffing found that better
staffing was either cost-neutral or cost-effective. Although none of the individual
findings was statistically significant, when taken as a group, these studies indicate
that reducing the size or mix of a nursing staff may be “penny-wise but pound-
foolish.”
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Question 4. Is there evidence to justify setting specific nurse-tb-patient ratios for
nursing units in acute care hospitals?

The fourth research question was “Is there evidence to justify setting specific nurse-to-
patient ratios for nursing units in acute-care hospitals?” The answer to this question is
“no.” Few studies have compared one ratio to another, and these were opportunistic
comparisons, not systematic ones. Further, virtually all studies reviewed here adjusted
for patient case mix and nursing skill mix, indicating that nurse-to-patient ratios by
themselves are not sufficient to assure quality care.

The Importance of Adjusting for Case Mix and Skill Mix

The need to adjust for case-mix when studying nurse staffing levels was recognized in the
1970s, during the development of the diagnosis-related groups, and is well established in the
literature.[48] '

Kirby [49] asked 216 nurse administrators and nurse managers to rank 10 factors by their
affect on the number of nursing hours per patient per day. The factors were: skill mix, size of the
nursing unit, case mix, length of stay, the ratio of intensive care unit beds to general beds,
support services, nursing standards of care, physician practices, patient age and socioeconomic
status, and the availability of nurses. Case mix ranked first (average rank = 1.7), followed by
nursing standards (4.0), and skill mix (4.1). These three factors were at the top of the list for
nurse executives and middle managers in both teaching and community hospitals. Several
respondents also added that the age, education, and experience of the nursing staff were factors
in the amount of nursing care given.

LIMITATIONS OF THE STUDY

Systematic reviews are only as good as the evidence they synthesize. Retrospective
studies indicate associations and cannot establish cause and effect. Thus, our finding that nurse

staffing is inversely related to mortality does not mean that increasing the number or mix of RNs

in a hospital will necessarily reduce patient deaths. Efforts to lower costs could lead to 1)
reduced nurse staffing levels and 2) higher patient acuity, since less severely ill patients will be
treated on a out-patient basis and convalescing patients will be discharged sooner. Since sicker
patients are more like to die in the hospital, it is possible that the observed relationship between
staffing and mortality is not causal, rather both are a result of cost containment efforts.

Our electronic search was limited to articles indexed under terms relating to nurse
staffing levels. However, relevant articles may not have been indexed under these terms but
rather under specific outcomes, such as falls, nurse safety, or readmission rates, which are of
interest because they may be associated with nurse-to-patient ratios. To investigate this potential
source of bias, we conducted limited supplemental searches on some of the above outcomes. We
then reviewed a small sample of articles from each search to determine the frequency of articles
that met our inclusion criteria. These searches did identify some articles of interest, although the
results were consistent with those of the other articles reviewed. [24,50]
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All systematic reviews are limited by the possibility of publication bias: the well known
fact that studies with statistically significant results are more likely to be submitted for
publication and more likely to be published than studies that do not find statistically significant
results. We searched only the published literature on this topic. We did not search the “gray
literature” of perhaps relevant, documented but unpublished reports, nor did we attempt to adjust
for this “file drawer” problem of unpublished research by estimating the number of studies with
opposite conclusions that would have to be found to reverse our conclusions.

No matter how good the evidence, it must still be interpreted. Many results were
expressed as regression coefficients, which are difficult to interpret. A regression coefficient is
the slope of a line showing the relationship between an input (some measure of nurse staffing)
and an output (an outcome). As such, the coefficient represents the trade-off between inputs and
outputs. However, deciding whether the trade-off is desirable is a value decision. For example,

s it desirable to increase skill mix by 2% more RNs to prevent 1 additional adverse event in

every 1,000 patient days? What if the adverse event is as serious as death? As treatable as a
urinary tract infection? As intangible as a drop in patient satisfaction? Further, the cost of
increasing skill mix by 2% more RNs varies geographically and over time, so the trade-offs are
simply not straightforward. Our grading of the clinical importance of each finding was done by
consensus among three reviewers; however, others may interpret the evidence differently.

Interpreting the importance of an adverse event rate is confounded by a lack of
knowledge about the severity of the event. For example, the implications of pressure ulcers are
confounded by the fact that the clinical and financial consequences of superficial ulcers (Shea
Stage I or IT) may differ substantially from those of deeper ulcers (Stage III or IV). Only one
study we examined reported a measure of severity for the outcome variable (falls producing
serious injury). With the exception of mortality, this problem of interpretation exists for all
adverse events, including pressure ulcers, medication errors, infections, procedure errors, and so
on. Severity must be reported if the clinical implications of an adverse event are to be
determined. S

Another potential limitation is that we were often not able to assess the baseline rate of
adverse outcomes and so could not determine whether staffing changes could lower these rates.
In other words, we could not rule out a “floor effect.” To prevent errors, somebody has to be
making them. If the baseline error rate is already low, changes in nurse staffing may show no
effect. Alternatively, where baseline rates are high, identical staffing changes may produce great
benefit. Related to the issue of baseline rates is the problem that occurs when results were
reported as relative differences. For example, Needleman, [16] in a study of 799 hospitals
nationwide, found that increasing RN hours worked per day from a mean of 6.4 to a mean of 9.1
decreased the rate of urinary tract infections between 4.9% and 12%, depending on the
regression model used. A relative drop of 12% seems substantial; however, the highest UTI rate
was 7.5%, so even a 12% drop (the best case situation) results in a final rate of 6.6% (12% of
7.5% = 0.9%; 7.5% - 0.9% = 6.6%).

Many studies analyzed data from incident reports or medical records. However, the
medical record may not contain the data required to measure the quality of nursing care.[18]

Aside from three studies of readmission rates as an outcome to the effect of discharge
planning (cited above but not included in the articles reviewed), we found no studies with
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follow-up periods beyond hospital discharge. If the effects of quality nursing care do not appear
until after discharge, as suggested by Verran, [18] such effects would not have been detected in
the studies we reviewed.

We purposely did not review the many studies of nurse staffing levels that have been
conducted in other countries because of obvious and marked differences in health care systems
among countries. However, some of these studies may nevertheless be applicable to the study
questions (see, for example, Aiken et al. [51]).

CONCLUSIONS

1. Increases in the number of RNs, and to a lesser extent, richer RN skill mixes, are
probably associated with reduced in-hospital mortality.

2. Increases in the number of RNs and, to a lesser extent, RN hours worked per patient day,
are probably associated with reduced rates of pneumonia.

3. Increases in total nursing hours worked per patient day and, to a lesser extent, richer RN
skill mixes, are probably associated with reduced hospital length of stay.

4, More or richer nurse staffing may be associated with lower rates of nosocomial
infections, urinary tract infections, pressure ulcers and medication errors, and increased
documentation of patient problems.

5. The evidence generally is insufficient or does not support strong or consistent
associations between richer nurse staffing ratios or RN skill mixes and: 1) rates of falls,
pressure ulcers, or procedure errors; 2) measures of patient satisfaction or perceptions of
quality of care, patient care monitoring, and nurse absenteeism, turnover, or vacancy
rates; and 3) the amount of direct patient care.

6. Increasing the number of RNs or enriching the RN skill mix does not appear to increase
institutional costs and may even reduce costs when the expenses of adverse patient-.
outcomes are considered.

7. The literature offers no specific support for establishing minimum nurse-to-patient ratios

for nursing units in acute care hospitals, especially in the absence of adjustments for case
mix and skill mix.

8. A minimum nurse-to-patient ratio alone is probably not adequate to ensure quality of
care. Patient acuity, [Glandon1989; Kravitz1992] skill mix, [Glandon1989; Prescott
1993] nurse competence, nursing process variables, technological sophistication, and
institutional support of nursing [Aiken] should also be considered when setting minimum
staffing requirements. ‘

9. Aside from patient, nurse, or physician satisfaction with nursing care, the literature |
reviewed did not use positive outcomes to assess nursing quality. This possibility should
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be explored. However, such outcomes may not occur or be recorded during the hospital
stay but may be reflected only in postdischarge changes in health behaviors.
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Table 3. Summary of Studies on the Effects of Nurse Staffing on Nosocomial

ﬁ Infections (Combined or Unspecified)
Internal External Effects On Nosocomial Infections Clinical
Study Validity Validity (Combined or Unspecified) Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. Nursing model (skill mix) had no effect on infection
Prospective 1983 rates. The rate was 2.1linfections/ month on the Primary
Shukla 18 m 1 Care Nursing unit (100% RN), 1.9 infections/ month on the 0
1983 Low bias 3 Modular Nursing unit (50% RN/ 50% LPN), and 2.2 0
infections/ month on the Team Nursing unit (50% RN/ 25%
LPN/25% UAP) [P = 0.5 t0 0.7]. p.181
2. Total hours of nursing care was not associated with
urinary or respiratory tract infection rates [ = +0.46; P >
0.1. Mean rate = 3.4/1,000 patient days; range, 0 to ©)
11/1,000 patient days]. p.48. Although not clinically or 0
statistically significant, each additional hour of
Retrospective 1993 care/patient day was associated with an increase in 0.5
Blegen 12 1 of an infection/1,000 patient days.
1998 A Low bias 42 ‘ .
21,783
) 3. Skill mix was not associated with urinary or respiratory
tract infection rates [B = -0.24; P > 0.1. Mean rate = 0
3.4/1,000 patient days; range, 0 to 11/1,000 patient days] 0
p.48. An additional 10% of RN staffing would prevent
2.5 infections/1,000 patient days.
4. In 352 California hospitals, a richer RN skill mix was
ANA . . . .
. statistically associated with a small decrease. in
1997 Retrospective . . _ .
(same as T o4 postoperative mt;ectlon rates [B = -2.5;5, P< 0.0'5]. Mean 1
Lichtig high bias skill mix was 71%. 9.29. Ea?h lq % increase in the - 1
1999) 1992 proportion of RNs in Fhe skill mix was assocla.ted with
547 about a 5% decrease in the rate of postoperative
infections.
5.In 126 New York hospitals, no statistical association
was found between skill mix and postoperative infection 0
rates. [B not reported if P > 0.05]. Mean skill mix was 61%. 0
p.29
Hospital Nurse Staffing and Quality of Care 1-47
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1994
547

6. In 295 California hospitals, a richer RN skill mix was
statistically associated with a small decrease in
postoperative infection rates [ =-0.47; P < 0.05]. Mean
skill mix was 71%. p.29. Each 10% increase in the
proportion of RNs in the skill mix was associated with
about a 5% decrease in the rate of postoperative
infections.

7.In 131 New York hospitals, no association was found
between RN% and postoperative infection rates. [ not
reported if P > 0.05]. Mean skill mix was 62%. p.29

<

Retrospective
12
Moderate
bias

Grillo-
Peck
1995

1992-93
1
1
71

8. Changing from a skill mix of 80% RN to 60% RN,
while increasing the total number of caregivers on a
neuroscience unit (DRG 14: cerebrovascular disease)
was not associated with changes in infection rates [11.2
vs. 8.8 infection/m; P = 0.09 for the difference of 2.4
infections/m]. p.370

©)
0

Retrospective
6
high bias

Taunton
1994

1990

65

9. RN absenteeism (2.9 to 4.2 days lost/100 days scheduled)
was statistically and directly correlated with infection rates
in 2 of 4 hospitals in 6 of 8 quarters [overall mean rates =
0.4 to 1.7; range, 0 to 5;r=0.53 to 0.77; P <0.05]. p.53
Absenteeism explained between 28% and 59% of the
variation in infection rates, but not consistently across
time or hospitals.

Retrospective
21
low

Haley
1982

1972-73
1
1
15,985
(infants)

10. On a neonatal intermediate care unit, the relative
risk of infants acquiring staphylococcal infections rose
to 16.4 (95% CI = 7.0 to 40.0) during periods of
understaffing, defined as an infant-to-nurse ratio greater
than 7 to 1 on more than 1 day in a consecutive 10-day
period. [Overall attack rate = 51/1,000 discharges] p.880

Hospital Nurse Staffing and Quality of Care
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Table 4. Summary of Studies on the Effects of Nurse Staffing on Urinary Tract

Infections
Internal External Clinical
Study Validity Validity Effects on Urinary Tract Infections Grade
Age of Data : '
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. Skill mix (median %RN = 56%, range 37% to 81%)
was not associated with rates of urinary tract infections 0
(median rate = 2.4/100 patients). [Data were not reported 0
and so were assumed to be clinically and statistically
unremarkable]. p.62
1997 2. RN hours worked/patient day (median = 5 h, range
29 3.2 to 7.5 h) was not associated with rates of urinary 0
tract infections (median rate = 2.4/100 patients). [Data 0
were not reported and so were assumed to be clinically and
statistically unremarkable]. p.62
3. RN hours worked/patient day (median = 9 h, range
5.8 to 13.4 h) was not associated with rates of urinary 0
tract infections on medical units (median rate = 2.4/100 0
patients). [Data were not reported and so were assumed to
be clinically and statistically unremarkable]. p.62
Sovie Prosgzctivq
2000 L . 4. Skill mix (median %RN = 57%, range 34% to 84%)
ow bias . . . . .
was not associated with rates of urinary tract infections 0
(median rate = 2.3/100 patients) [Data were not reported 0
and so were assumed to be clinically and statistically
unremarkable]. p.62
5. RN hours worked/patient day (median 5.2h, range 2.9
1998 to 10 h) was not associated with rates of urinary tract 0
29 infections (median rate = 2.3/100 patients) [Data were not 0
reported and so were assumed to be clinically and
statistically unremarkable]. p.62
6. Total Hours worked/patient day (median =9.2 h, range
5.1 to 17.5) was inversely correlated with the rate of
urinary tract infections on medical units [median rate = °
2.3/100 patients; r =—0.42; P = 0.04 r* = 18%). p. 62;115 1
(However: p.113 gives r as ~0.65; P = 0.001). HWPPD
explained 18% of the variation in the rate of urinary
tract infections in medical units among the hospitals.
Hospital Nurse Staffing and Quality of Care 1-49
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ANA
1997
(same as
Lichtig
1999)

Retrospective
24
high bias

1992
547

7. In 352 California hospitals, a richer skill mix was
statistically associated with a slight decrease in urinary tract
infection rates [3 = -0.64; P < 0.05]. Mean skill mix was
68%. p.29. An additional 10% of RN staffing would
theoretically lower the UTI rate by 6.4%.

8.In 126 New York hospitals, no association was found
between skill mix and urinary tract infection rates. [3
not reported if P > 0.05]. Mean skill mix was 61%. p.29

1994
547

9. In 295 California hospitals, a richer skill mix was
associated with a decrease in urinary tract infection rates [
=-0.65; P < 0.05]. Mean skill mix was 71%. p.29. Each
additional 10% of RN staffing was associated with a
6.5% lower UTI rate.

10. In 131 New York hospitals, a richer skill mix was
associated with a decrease in urinary tract infection rates

[B =-0.65; P <0.05]. Mean skill mix was 62%. p.29. An
additional 10% of RN staffing would theoretically lower
the UTI rate by 6.5%.

Needle- Retrospective
man 12m
2001 moderate bias

1997
799

11. In medical patients, increasing mean RN hours/pt.
day from 6.4 to 9.1 decreased the rate of urinary tract
infections by between 4% and 12%. [Rates ranged from
4.9% to 7.5%. Relationship described as “strong and
consistent”] p.101

12. In surgical patients, increasing mean RN hours/pt.
day from 6.4 to 9.1 significantly but inconsistently
decreased the rate of urinary tract infections by between
5% and 6%. [Rates ranged from 2.7% to 7%. Relationship
described as “some evidence”] p.101

13. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 significantly and consistently
decreased the rate of urinary tract infections by between
4% and 25%. [Rates ranged from 4.9% to 7.5%.
Relationship described as “strong and consistent”] p.101

14. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 significantly but inconsistently
decreased the rate of urinary tract infections by between
3% and 14%. [Rates ranged from 2.7% to 7%.
Relationship described as “some evidence”] p.101

Hospital Nurse Staffing and Quality of Care
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15. RN-adjusted hours/patient day was statistically
associated with a decrease in the rate of urinary tract

infections in at-risk surgical patients. [Mean rate = 4/100 0
discharges, range 0 to 25; § =-637; P <0.001.] p.319. “An 1
Cross- increase of 0.5 RN h/day is associated with a decrease of
sectional 1993 0.16 urinary tract infections/100 patients.”
Kovner 12 506
1998 Moderate
bias 16. The number of non RN hours/patient day was inversely
associated with the rate of urinary tract infections [Mean ?
rate = 4/100 discharges, range 0 to 25/100 discharges; 1
B =-164; P <0.001]. p.317-8. No interpretation was
given and the calculations could not be reproduced.
Hospital Nurse Staffing and Quality of Care 1-51
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Table 5. Summary of Studies on the Effects of Nurse Staffing on Pneumonia

Internal External Clinical
Study Validity Validity Effects on Pneumonia Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. In 352 California hospitals, a richer RN skill mix was
statistically associated with a decrease in the rates of
pneumonia [ = -0.56; P < 0.05]. p.28. Mean skill mix was 1
1992 68%. An additional 10% increase in the proportion of 1
RN:s in the skill mix would theoretically decrease the
547 .
rate of pneumonia by 5%.
2.In 126 New York hospitals, no association was found 0
ANA between the % RN and pneumonia rates. [ not reported 0
1997 Retrospective if P> 0.05]. Mean skill mix was 61%. p.28
(same as 24
Lichtig high bias
1999) 3. In 295 California hospitals, a richer RN skill mix was
statistically associated with a slight decrease in the rates of
pneumonia [ = -0.39; P < 0.05]. Mean skill mix was 71%. 1
1994 p.28. An additional 10% increase in the proportion of 1
RNs in the skill mix would theoretically decrease the
547 .
rate of pneumonia by 4%.
4.1In 131 New York hospitals, no association was found 0
between the % RN and postoperative infection rates. [ 0
not reported if P > 0.05]. Mean skill mix was 62%. p.28
1997 5. In medical patients, increasing mean RN hours/day
Needle- Retrospective 799 from 6.4 to 9.1 significantly and consistently decreased 1
man 12m the rate of pneumonia by between 6% and 8%. [Rates 1
2001 moderate bias ranged between 0.6% and 3.6%. Relationship described as
“strong and consistent.”] p.101
6. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 decreased the rate of pneumonia by 1
11%. [Rates ranged between 0.1 and 5.4%. Relationship 1
described as “weak.”] p.101
Hospital Nurse Staffing and Quality of Care 1-52

Systematic Review of the Literature



7. In medical patienté, increasing mean total nursing
hours/day from 9.7 to 13 significantly and consistently

decreased the rate of pneumonia by between 6% and :
17%. [Rates ranged between 0.6% and 3.6%. Relationship
described as “strong and consistent.”] p.101
8. In medical patients, increasing mean total nursing
hours/pt. day from 9.7 to 13 decreased the rate of 1
pneumonia by 19%. [Rates ranged between 0.1 and 5.4%. 1
Relationship described as “weak.”] p.101
9. RN FTEs/adjusted patient day was inversely associated
with the rates of pneumonia after surgery. [Mean rate =
1/100 discharges, range 1 to 17; B =-159; 95%CI = -252.7 1
to -66.2; P <0.001.] p.317. “An increase of 0.5 RN 1
h/patient day was associated with a 4.2% decrease in the
rate of pneumonia.”
Kovner ~ Retrospective 1590963 . . .
1998 12 . 10. RN FTEs/adjusted patient day was not associated

moderate bias with the rate of pneumonia after invasive vascular 0
procedures [Data were not reported but were described as 0
being not statistically significant; P > 0.05]. p.318
11. “Skill mix was inversely related to pneumonia after - 0
surgery although the size of this relationship was 1
extremely small.” [ =-1.2; P <0.004] p.318

Hospital Nurse Staffing and Quality of Care [-53
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1 Table 6. Summary of Studies on the Effects of Nurse Staffing on Patient Falls

Systematic Review of the Literature

Clinical
Internal External Grade
Study Validity Validity Effects On Patient Falls
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1 & 2. RN HWPPD (range, 3 to 10 h) was inversely and ?
statistically associated with fall rates on medical and 1
surgical units [maximum = 5 falls/1,000 patient days;
B = -0.4, value computed from graph; P = 0.002]. p.56. An
1997 & increase of about 2.5 RN HWPPD would reduce fall ?
. rates by 1 fali/1,000 patient days on both types of units.
Sovie Prospective 1998 1
2000 36 29
Low bias
3 & 4. HWPPD (range, 6 to 18 h) was marginally 1
associated with fall rates on medical and surgical units 0
[maximum = 5 falls/1,000 patient days; B = -0.15, value
computed from graph; P = 0.07]. p.55. An increase of
about 1.5 RN HWPPD would reduce fall rates by 1 1
fall/1,000 patient days on both types of units. 0
’ 5. Decreasing the RN/patient ratio from 1/15.2 to 1/18.3
on the unit was accompanied by a 3% increase in the 0
percent of falls per admission [21% vs. 24% over 1 year; 0
Kusta- Prospective 1980 P not reported]. p.161
1
border 5 1
1985 Moderate bias 6. Increasing the presence of patient care staff on the :
unit at key times (by coordinating break times) did not 0
reduce the percent of falls per admission [21% vs. 24%); 0
P not reported]. p.161
7. The ratio of actual/expected nurse staffing did not
. 1993 differ significantly among 252 seniors who fell in the
A;b;ls— Retrosl%ectlve 504 Patients  hospital and 250 matched controls who did not [ratios g
1999 Moderate bias not reported; difference between means = 0.021; P > 0.05].
Staffing adequacy did not predict falls [odds ratio 1.18
(95%CI1=0.78 to 1.79; P = 0.42). p.124
Hospital Nurse Staffing and Quality of Care I-54



Retrospective
12
Low bias

Blegen
1998 A

1993

42
21,783

8. Total hours of nursing care/patient was not associated
with fall rates [ =-0.02; P> 0.1. Mean rate = 2.7/1,000
patient days; range, 0 to 16/1,000 patient days). p.48.
Although not statistically or clinically significant, each
additional hour of care/patient was associated with a
decrease of 0.02 of a fall/1,000 patient days.

[~

9. A skill mix above 88% RN was not associated with fall
rates [B =-0.30; P > 0.1. Mean rate = 2.7/1,000 patient
days; range, 0 to 16/1,000 patient days] p.48. Although not
statistically or clinically significant, an additional 10%
of RN staffing, above 88%, was associated with a
decrease of 3 falls/1,000 patient days.

[—IX-—]

10. A skill mix below 88% RN was not associated with fall
rates [ =+ 0.02; P> 0.1. No. falls ranged from 0 to
16/1,000 patient days.] p.48. Although not statistically or
clinically significant, each additional percent of RN
staffing, up to 88%, was associated with an increase of
0.02 falls/1,000 patient days.

©
0

Retrospective
30
high bias

Blegen
1998 B

1993-1995
11
39

11. A higher proportion of RNs (mean = 73%) was
statistically associated with a slightly lower rate of falls

[B =-0.46; P < 0.05. Mean rate = 2.2 falls/1,000 patient
days]. A 1% increase in RN skill mix was associated with a
drop of 0.46 of a fall/1,000 patient days. p.200. A 10%
increase in RN skill mix would be required to decrease
the rate by 4.6 falls/1,000 patient days.

12. Total hours of care (mean 10.8) was not associated with
the rate of falls [B = -0.05; P > 0.5. Mean rate =2.2
falls/1,000 patient days]. p.200. Although not statistically
or clinically significant, total hours of care would have
to be increased by a factor of 20 to prevent one
additional fall.

o

Grillo- Retrospective
Peck 12
1995 Moderate bias

1992-93
1
1
71

13. Changing from a skill mix of 80% RN to 60% RN,
while increasing the total number of caregivers on a
neuroscience unit (DRG 14: cerebrovascular disease)
was associated with a drop in fall rate [6.2 vs. 3.0 falls/m;
P =0.03 for the difference of 3.2 falls/m]. p.370

@

Retrospective
6
high bias

Taunton
1994

1990

65

14. RN absenteeism (2.9 to 4.2 days lost/100 days
scheduled) was not associated with fall rates [overall
mean rate = 2.6; range, 0 to 14; data were not presented and
were presumed to be clinically and statistically
unremarkable]. p.54
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Ceria

Retrospective

1992

15. “Nursing absenteeism” was not related to the rates

1992 ' 12 ‘ 6 of falls. The rates were not reported but were described as 0
high bias being not statistically significant. [P > 0.05].
16. RN hours/total daily nursing hours (mean = 52%) was
not associated with fall rates [ =-0.45 P > 0.05]. p.64.
Although not statistically or clinically significant, each 0
additional RN hour of care/total daily nursing hours 0
was associated with a reduction in the rate of falls by
W Retrospective 1985 0.45 falls/1,000 patient days over 3 months.
an 3 45
1987 Moderate bias
17. LPN hours/total daily nursing hours (mean = 30%) was
not associated with fall rates [} = -0.43 P > 0.05]. p. 64.
Although not statistically or clinically significant, each 0
additional LPN hour of care/total daily nursing hours 0
was associated with a reduction in the rate of falls by
0.43 falls/1,000 patient days over 3 months.
19947 . . .
Cross- 31 18. Nurse-to-patient ratios were not correlated with the rate
Dobal sectional 46 of patient falls [mean ratio = 0.2; range, 0.05 t0 0.3; r = 0
1995 . 0.25 442 0.23; P > 0.05]. p.119. Nurse-to-patient ratios explained 0
Moderate bias . only about 5% of the variation in rate of falls.
providers
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q Table 7. Summary of Studies on the Effects of Nurse Staffing on Pressure Ulcers

Internal External Clinical
Study Validity Validity Effects On Pressure Ulcers Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade

1. On medical units, RN hours worked/patient day was
inversely associated with the rate of pressure ulcers [median
rate = 3.2%; r = -0.41; P = 0.04]. p.62;114. RN HWPPD
1997 explained 17% of the variation in the rates of pressure
29 ulcers.

- o3

2. Skill mix (% RN) was not associated with the rate of
pressure ulcers. [Data were not reported and so were
assumed to be clinically and statistically unremarkable.]
Prospective p.62;114
36

[

Sovie
2000

Low bias

3. On medical units, RN HWPPD was not associated

with the rate of pressure ulcers. [Data were not reported 0
and so were assumed to be clinically and statistically 0

1998 unremarkable.] p.62;115

29

4. Skill mix (% RN) was not associated with the rate of
pressure ulcers. [Data were not reported and so were 0

assumed to be clinically and statistically unremarkable.] 0
p-62;115

ANA 5. In 352 California hospitals, an increase in RN skill mix
1997 Retrospective 1992 was statistically associated with a decrease in the rates of
(same as 23 547 pressure ulcers [B =-0.79; P < 0.05]. Mean skill mix was 1
Lichtig hich bias . 68%. p.27. Although not statistically or clinically 1
1999) g .. significant, each 10% increase in RN skill mix was :

associated with a 7.9% decrease in pressure ulcer rates.

6. In 126 New York hospitals, an increase in RN skill mix
was statistically associated with a decrease in the rates of
pressure ulcers [B =-1.8; P <0.05]. Mean skill mix was 1
61%. p.27. Each 10% increase in RN skill mix was

associated with a 18.% decrease in pressure ulcer rates.

Hospital Nurse Staffing and Quality of Care
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7. 1n 352 California hospitals, total nursing
hours/acuity-adjusted patient day was not associated
with the rate of pressure ulcers. [ not reported if P >
0.05]. Mean nursing hours/day was 7.6. p.27

[ =]

8. In 126 New York hospitals, total nursing hours/acuity-
adjusted patient day was associated with a decreased rate
of pressure ulcers [B =-17.9; P <0.05]. Mean nursing
hours/day was 7.4. p.27. For each 1-hour increase in total
hours of care/patient day, the rate of pressure ulcers
dropped by almost 18%.

1994
547

9. In 295 California hospitals, an increase in RN skill mix
was statistically associated with a slight decrease in the
rates of pressure ulcers [B = -1.2; P < 0.05]. Mean skill mix
was 71%. p.27. Each 1% increase in RN skill mix was
associated with a 1.2% decrease in pressure ulcer rates.

10. In 131 New York hospitals, an increase in RN skill mix
was statistically associated with a decrease in the rates of
pressure ulcers [B =-1.2; P <0.05]. Mean skill mix was
62%. p.27. Each 1% increase in RN skill mix was
associated with a 1.2% decrease in pressure ulcer rates.

11. In 295 California hospitals, total nursing hours/acuity-
adjusted patient day was associated with a decreased rate
of pressure ulcers [ =-15.6; P > 0.05]. Mean nursing
hours/day was 8.4. p.27. For each 1% increase in hours
of care/patient day, the rate of pressure ulcers dropped
by almost 16%. :

'12. In 131 New York hospitals, total nursing

hours/acuity-adjusted patient day was not associated
with the rate of pressure ulcers. [3 not reported if P >
0.05]. Mean nursing hours/day was 8.5. p.27

[ =]

Needle-
man
2001

Retrospective
12m
moderate bias

1997
799

13. In medical patients, increasing mean RN hours/day
from 6.4 to 9.1 had “inconsistent” effects of the rate of
pressure ulcers. [Rates ranged between 3.1% and 9.2%.
Relationship described as “inconsistent.”] p.101

(=]
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14. In surgical patients, increasing mean RN hours/day

from 6.4 to 9.1 had “no effect” of the rate of pressure 0
ulcers. [Rates ranged between 2.9% and 7.1%. » 0
Relationship described as “none.”] p.101

15. In medical patients, increasing mean total nursing

hours/day from 6.4 to 9.1 had “inconsistent” effects of 0
the rate of pressure ulcers. [Rates ranged between 3.1% 0
and 9.2%. Relationship described as “inconsistent.”] p.101

16. In surgical patients, increasing mean total nursing

hours/day from 6.4 to 9.1 had “no effect” of the rate of 0
pressure ulcers. [Rates ranged between 2.9% and 7.1%. 0
Relationship described as “none.”] p.101

Blegen
1998 A

Retrospective
12
Low bias

1993
1
42
21,783

17. Total hours of nursing care/patient day was not related
to the rate of pressure ulcers [B = +0.41; P> 0.1. Mean rate
= 1.7/1,000 patiéent days; range, 0 to 15/1,000 patient days].
p.48. Although not statistically or clinically significant,
a 1-h/patient-day increase in nursing care was
associated with an increase in ulcer rates of 0.4 ulcers/
1,000 patient days.

©
0

18. A richer RN skill mix, up to 88% RN, was associated

with lower rates of pressure ulcers [ =-0.49; P <0.05.

Mean rate = 1.7/1,000 patient days; range, 0 to 15/1,000

patient days]. A 1% increase in RN skill mix was 1
associated with a drop in ulcer rates of about 0.5 for each 1
1,000 patient days. p.48. Thus, a 2% increase in RN skill

mix, up to 88% RN, would be required to prevent 1

ulcer in each 1,000 patient days.

19. A richer RN skill mix above 88% RN was not
associated with lower rates of pressure ulcers [ = +0.38; P
> (.1. Mean rate = 1.7/1,000 patient days; range, O to
15/1,000 patient days]. p.48. Although not statistically or
clinically significant, a 10% increase in RN skill mix was
associated with an increase of about 4 ulcers for each
1,000 patient days. :

1)
0
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Table 8. Summary of Studies on the Effects of Nurse Staffing on Mortality

Internal External Clinical
Study Validity Validity Effects On Patient Mortality Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. Total hours of nursing care/patient day was not
statistically related to hospital mortality rate [ = 0.36; P >
0.1 Mean rate = 0.6/1,000 patient days; range, 0 to 11/1,000 1)
patient days] Each 1-hour increase in nursing care/day 0
was associated with an increase of 0.4 deaths/1,000
patient days. p.48
2. A higher skill mix, RN% above 88%, was not
1993 statistically associated with hospital mortality [§ = 0.32;
Retrospective 1 P > 0.1. Mean rate = 0.6/1,000 patient days; range, 0 to )
Blegen 12 42 11/1,000 patient days]. p.48. Although not statistically or 0
1998 A L . clinically significant, for each 1% increase in RN skill
ow bias 21,783 . ! . . . :
mix, mortality was associated with an increase of 0.3
deaths/1,000 patient days.
3. A higher skill mix, RN% up to 88%, was not statistically
associated with lower hospital mortality
[B=-0.28; P> 0.1. Mean rate = 0.6/1,000 patient days; 1
range, 0 to 11/1,000 patient days]. p.48. Although not 0
statistically or clinically significant, for each 1%
increase in RN skill mix, up to 88%, mortality decreased
by 0.3 deaths/1,000 patient days.
4, Total FTEs did not differ significantly between -
hospitals in the highest and lowest quartiles of mortality 1
[758 vs 842 FTEs; P > 0.05 for the 84 FTE difference in 0
means}. p.63
1994 5. Total staff/admission did not differ significantly
Bradbury  Retrospective 43 ’ . . . . 0
1994 12 betweep hospitals in the highest and lowest quartiles of 0
high bias mortality [0.09 vs. 0.10; P > 0.05]. p.63
6. RN/LPN ratio did not differ significantly between
hospitals in the highest and lowest quartiles of mortality 0
[10.65 vs. 4.06; P > 0.05 for the 6.59 difference in means]. 0
p.63
Hospital Nurse Staffing and Quality of Care 1-60
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Retrospective
12
high bias

Manheim
1992

1992
3796

7. Higher RN/adjusted admission rates (mean = 0.02) was
associated with Jower hospital mortality rates [ = -21.08; P
<0.001]. For each additional RN per adjusted
admission, mortality rate declined by 21 deaths/1,000
patients. [This coefficient is 10 times larger, and
conspicuously so, than any other variable in the model.
Overall expected mortality for the 9 census regions was
11.8/1,000 patients] p.60

8. Higher non-RN/adjusted admission rates were not
statistically associated with Jower hospital mortality rates
[B=-2.36; P > 0.05] For each additional non-RN
employee per adjusted admission, mortality rate
declined by 2.4 deaths/1,000 patients. [Overall expected
mortality for the 9 census regions was 11.8/1,000 patients]
p.60

[y

' Robert-  Retrospective

son 36
1999 high bias

1989 to
1991

1800
patients

- 9.1In 1989 (n = 1,791), RN, LPN, and UAP intensity

(FTE per category/100 adjusted admissions: 1.8, 0.46,
and 0.6, respectively) was not associated with 30-day,
postadmission COPD mortality [ =-0.022, -0.080, -
0.022, respectively; P > 0.05]. p. 265

10. In 1990 (n = 1,784), RN, LPN, and UAP intensity

. (FTE per category/100 adjusted admissions: 1.8, 0.44,

and 0.63, respectively) was not associated with 30-day,
postadmission COPD mortality [ =-0.012, -0.081,
+0.040, respectively; P > 0.05]. p. 265

oD

11.In 1991 (n = 2,133), RN, LPN, and UAP intensity
(FTE per category/100 adjusted admissions: 1.8, 0.43,
and 0.63, respectively) was not associated with 30-day,
postadmission COPD mortality {8 =+0.013, +0.013,
+0.017, respectively; P > 0.05]. p. 265

o

Retrospective
12
high bias

Bond
1999

N

1992
3763

12. An increase in number of RNs/occupied bed was
negligibly but statistically associated with a decrease in

- mortality rates among Medicare patients (mean annual

number of deaths/hospital [} =-0.0063; P <0.001. Mean
RNs/100 beds and deaths/1,000 admissions/ hospital/year =
56 and 550 for the lowest staffing quintile and 186 and 420
for the highest]. p.133
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13. An increase in the number of LVNs/occupied bed
was negligibly but statistically associated with mortality
rates among Medicare patients (mean annual number of
deaths/hospital) [ = +0.0061; P <0.001. Mean LVNs/100
beds and deaths/1,000 admissions/hospital/

year = 7.8 and 270 for the lowest staffing quintile and 85
and 828 for the highest]]. p.133

ek

Retrospective
12
high bias

Hartz
1989

1986
3100

14. Hospitals in the highest quartile of RNs/average
daily census had lower mortality than hospitals in the
lowest quartile of RNs/average daily census [114.7 vs
117.8 deaths/1,000 patients; P < 0.001 for the -3.1
deaths/1,000-patients difference (95%CI =-4.5 to —1.7
deaths/1,000 patients)]. p.1722

15. Hospitals in the highest percent of RNs/all nurses
had lower mortality than hospitals in the lowest quarter
of RNs/all nurses [113.1 vs 119.4 deaths/1,000 patients; P
<0.001 for the 6.3 deaths/1,000-patients difference (95%CI
=-7.7 to — 4.8 deaths/1,000 patients)]. p.1722

16. Hospitals in the highest percent of RNs/all nurses
had lower adjusted (for patient acuity) mortality rates
than hospitals in the lowest quarter of RNs/all nurses
[115 vs. 117.5 deaths/1,000 patients; P < 0.01 for the 2.5
deaths/1,000-patients difference in rates].

Retrospective
12
Moderate
bias

Krakauer
1991

1986
84

42,773
patients

17. In an analysis of HCFA claims data, hospitals with the
highest quartile of RN skill mix had lower adjusted
mortality rates than did those with the lowest quartile of
RN skill mix [12.1 vs 15.7/100 patients; P < 0.01 for the
difference between means of 3.6 deaths within 30 days of
admission. Overall mean skill mix = 57% RN.] p.329

18. In an analysis that included clinical data, hospitals with
the highest quartile of RN skill mix had lower adjusted
mortality rates than did those with the lowest quartile of
RN skill mix [12.8 vs.14.9/100 patients; P <0.05 for
the difference between means of 2.1 deaths within 30 days
of admission. Overall mean skill mix = 57% RN.] p.329
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~

Retrospective
12
low bias

Silber
1995

1992
57

16,673

19. For patients undergoing cardiac bypass surgery,
higher nurse-to-bed ratios were not associated with
hospital mortality rates [Mean mortality =4.3%. RR =
0.97; 95%CI = 0.88 to 1.06; P > 0.10. The relative risk of
death was 0.03 lower for the next highest quartile of nurse-
to-bed ratios.] p.321

20. For patients undergoing cardiac bypass surgery,
higher nurse-to-bed ratios were statistically associated
with higher complications rates [Mean complication rate
=43%.RR=1.1;95%CI=1.1t0 11; P <0.001. Relative
risk of death was 0.09 higher for the next highest quartile of
nurse-to-bed ratios] p.321

™

21. For patients undergoing cardiac bypass surgery,
higher nurse-to-bed ratios were not associated with
rates of death from complications (the “failure to
rescue” rate) [Mean failure-to-rescue rate = 10%. RR =
0.95; 95%CI = 0.87 to 1.04; P > 0.10. Relative risk of
death was 0.05 lower for the next highest quartile of nurse-
to-bed ratios] p.321

Needle-  Retrospective
man 12m
2001 moderate bias

1997
799

22, In medical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no effect on mortality. [Rates ranged
between 2.1% and 3.6%. Relationship described as
“none.”] p.101

[

23. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no effect on mortality. [Rates ranged
between 0.4% and 6%. Relationship described as “none.”
p.101

24. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no effect on mortality.
[Rates ranged between 2.1% and 3.6%. Relationship
described as “none.”] p.101

25. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no effect on mortality.
[Rates ranged between 0.4% and 6%. Relationship
described as “none.”] p.101

oo

Retrospective
12
high bias

Shortell
1988

1984
981

214.839

26. The percentage of RNs among hospital staff
(mean =21%) was not associated with mortality rates
(mean = 11.2%) [standardized coefficient = -0.05; P >
0.05]. p.1104.
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Aiken
2000

Cross-
sectional

high bias

1997
336

27.1n 22 magnet hospitals known for quality nursing
care, a higher RN FTE/average daily census ratio was
correlated with lower expected in-hospital mortality
rates among Medicare patients [r =-0.49; P = 0.02].
Excess mortality ranged from +.03% to -3%. The ratios
ranged from about 1.3 to 4.75 and explained 24% of the
variability in these mortality rates [r* = 0.24] Expected
death rates exceed actual death rates in only 2 of the 22
hospitals, however. p.463-4

28. In 314 nonfederal hospitals, a higher RN
FTE/average daily census ratio was not correlated with
lower in-hospital mortality among Medicare patients
[r=-0.18; P = 0.02]. Excess mortality ranged from +2.5%
to -4%. The ratios ranged from about 0.5 to 4.3 and
explained 3.2% of the variability in mortality rates

[r* = 0.032] Expected death rates exceed actual death rates
in only about 35 of the 314 hospitals, however. p.463-4
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_ Table 9. Summary of Studies on the Effects of Nurse Staffing on Hospital Duration

Systematic Review of the Literature

ﬁ of Stay
Internal External Clinical
Study Validity Validity Effects On Hospital Duration of Stay Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. The number of RN hours worked/patient day (range 3 to
10 h) was inversely associated with LOS (range 4 to 5.3 d)
on medical and surgical units [ = -0.1, value computed 0
from graph; P = 0.04]. An increase of 1 RN HWPPD was 1
associated with a 0.1-day reduction in LOS on both
types of units [mean LOS was significantly shorter for
surgical patients: difference = 0.5 days; P = 0.02]. p.68
1997
29
2. Total hours worked/patient day was not associated
with LOS on medical and surgical units [Data not 0
reported and so are assumed to be clinically and statistically 0
unremarkable]. p.62
3. Nursing skill mix was not correlated with LOS on
A medical or surgical units [Data not reported and so are 0
assumed to be clinically and statistically unremarkable]. 0
Sovi Prospective P62
ovie
36
2000 Low bias
4. The number of RN hours worked/patient day was
inversely associated with LOS on medical and surgical
units [B = -0.1, value computed from graph; P = 0.04]. An 0
increase of 1 RN HWPPD was associated with a 0.1-day 1
reduction in LOS on both types of unit [mean LOS was
significantly shorter for surgical patients: difference = 0.5
days; P = 0.02]. p.68
1998
29 5. HWPPD hours worked/patient day was inversely
correlated with LOS on medical, but not on surgical, units ?
[r=-0.4;r*=16%; P = 0.04]. p.115. RN HWPPD 1
explained 16% of the variation in LOS on medical units.
6. Nursing skill mix was not correlated with LOS on
medical or surgical units [Data not reported and so are 0
assumed to be clinically and statistically unremarkable]. 0
p.62
Hospital Nurse Staffing and Quality of Care 1-65



”j ANA
) 1997
(same as
Lichtig
1999)

Retrospective
24
high bias

1992
547

7. In 352 California hospitals, %RN hours was inversely
associated with mean hospital duration of stay index

[B =-0.07; P <0.05]. Mean skill mix was 68%. p.27.
Each 10% increase in RN skill mix was associated with
a decrease in expected LOS of 0.7%.

8. In 126 New York hospitals, %RN hours was inversely
associated with mean hospital duration of stay index
[B=-0.19; P <0.05]. Mean skill mix was 61%. p.27.
Each 10% increase in RN skill mix was associated with
a decrease in expected LOS of 1.9%.

Pk

9. In 67 Massachusetts hospitals, %RN hours was inversely
associated with mean hospital duration of stay index

[B= -0.27; P <0.05]. p.27. Each 10% increase in RN
skill mix was associated with a decrease in expected
LOS of 2.7%.

10. In 352 California hospitals, total nursing hours/pt.day,
adjusted for acuity, was inversely associated with mean
hospital duration of stay index [} =-4.8; P <0.05]. Mean
nursing hours/day was 7.6. p.27. Each additional hour of
nursing care/patient was associated with a decrease in
expected LOS of 4.8%.

[

11. In 126 New York hospitals, total nursing hours/patient
day, adjusted for acuity, was inversely associated with
mean hospital duration of stay index [B =-6.5; P <0.05].
Mean nursing hours/day was 7.4. Each additional hour of
nursing care/patient was associated with a decrease in
expected LOS of 6.5%.

12. In 67 Massachusetts hospitals, total nursing
hours/patient day, adjusted for acuity, was inversely
associated with mean hospital duration of stay index [P = -
9.7; P <0.05]. p.27. Each additional hour of nursing
care/patient was associated with a decrease in expected
LOS of 9.7%.

1994
547

13. In 295 California hospitals, %RN hours was inversely
associated with mean hospital duration of stay index
[B=-0.16; P <0.05]. Mean skill mix was 71%. p.27.
Each 10% increase in RN skill mix was associated with
a decrease in expected LOS of 0.6%.

=
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14.1n 131 New York hospitals, %RN hours was inversely
associated with mean hospital Duration of stay index
{B=-0.11; P <0.05]. Mean skill mix was 62%. p.27. Each
10% increase in RN skill mix was associated with a
decrease in expected LOS of 1.1%.

15. In 76 Massachusetts hospitals, %RN hours was
inversely associated with mean hospital duration of stay
index [B =-0.19; P <0.05]. p.27. Each 10% increase in
RN skill mix was associated with a decrease in expected
LOS of 1.9%.

16. In 295 California hospitals, total nursing hours/patient
day, adjusted for acuity, was inversely associated with
mean hospital duration of stay index [B =-5,4; P <0.05].
Mean nursing hours/day was 7.6. p.27. Each additional
hour of nursing care/patient was associated with a
decrease in expected LOS of 5.4%.

17. In 131 New York hospitals, total nursing hours/patient
day, adjusted for acuity, was inversely associated with
mean hospital duration of stay index [ = -4.4; P <0.05].
Mean nursing hours/day was 8.5. p.27. Each additional
hour of nursing care/patient was associated with a
decrease in expected LOS of 4.4%.

18. In 76 Massachusetts hospitals, total nursing
hours/patient, adjusted for acuity, was not associated
with changes in LOS. [Data were not reported and so were
assumed to be clinically and statistically unremarkable.]
p-27

Shamian
1994

Retrospective
?

Low bias

19917
58
1733

19. On cardiac step-down units, HWPPD was inversely, but
not statistically, associated with LOS [mean LOS = 6.0
days; mean HWPPD = 7.2; P > 0.05; R?=3 1%] p55. An
increase of 0.16 HWPPD (10 min PPD) was
accompanied by a decrease in LOS of 1 day.

e

20. On medical-surgical units, HWPPD was inversely and
statistically associated with LOS [mean LOS = 6.6 days;
mean HWPPD = 6.3; P < 0.01; R’ = 12%] p55-6. An
increase of 0.16 HWPPD (10 min PPD) was
accompanied by a decrease in LOS of 1 day.
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21. On neurologic units, HWPPD was inversely and
statistically associated with LOS [mean LOS = 6.6 days;

mean HWPPD = 7.7; P < 0.01; R = 22%] p55. An 1
increase of 0.23 HWPPD (14 min PPD) was

accompanied by a decrease in LOS of 1 day.

22. On oncology units, HWPPD was inversely and

statistically associated with LOS [mean LOS = 7.9 days; 1
mean HWPPD = 6.9; P < 0.01; R* = 10%] p55. An 1
increase of 0.17 HWPPD (10 min PPD) was

accompanied by a decrease in LOS of 1 day.

23. On orthopedic units, HWPPD was inversely and

statistically associated with LOS [mean LOS = 6.1 days; 1
mean HWPPD = 6.7. P <0.01; R?=37%] p55. An 1
increase of 0.29 HWPPD (17 min PPD) was

accompanied by a decrease in LOS of 1 day.

24. On obstetrics units, HWPPD was inversely and

statistically associated with LOS [mean LOS = 3.0 days; 1
mean HWPPD =3.0. P <0.01; R®=13%) p55. An 1
increase of 1.61 HWPPD (97 min PPD) was

accompanied by a decrease in LOS of 1 day.

25. On pediatric units, HWPPD was inversely and

statistically associated with LOS [mean LOS = 3.7 days; 1
mean HWPPD =9.7. P <0.01; R> = 18%] p55. An 1
increase of 0.67 HWPPD (40 min PPD) was

accompanied by a decrease in LOS of 1 day.

26. On psychiatric units, HWPPD was inversely and

statistically associated with LOS [mean LOS = 12.5 days; 1
mean HWPPD = 8.0; P <0.01; R* = 20%)] p55. An 1
increase of 0.25 HWPPD (15 min PPD) was

accompanied by a decrease in LOS of 1 day.

27. On rehabilitation units, HWPPD was inversely and

statistically associated with LOS [mean LOS = 24.8 days; 1
mean HWPPD = 8.2; P < 0.01; R* = 47%)]. p55. An ]

increase of 0.18 HWPPD (11 min PPD) was
accompanied by a decrease in LOS of 1 day.

28. On neonatal units, HWPPD was directly and o)
statistically associated with LOS [mean LOS = 14.0 days; i
mean HWPPD = 10.0; P <0.01; R* = 9% pS5.
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Retrospective
12m
Moderate
bias

Needle-
man
2001

1997
799

29. In medical patients, increasing mean RN hours/day
from 6.4 to 9.1 significantly and consistently decreased
the length of stay by between 3% and 6%. [Rates ranged
between 3.6 and 6.3 days. Relationship described as
“strong and consistent.”] p.101

30. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no effect on length of stay. [Rates

- ranged between 3.9 and 8 days. Relationship described as

“none.”] p.101 :

31. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 significantly and consistently
decreased the length of stay by between 3% and 12%.
[Rates ranged between 3.6 and 6.3 days. Relationship
described as ““strong and consistent.”] p.101

32.In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no effect on length of stay.
[Rates ranged between 3.9 and 8 days. Relationship
described as “none.”] p.101

oo

Retrospective
12 m
Moderate
bias

Grillo-
Peck
1995

1992-93

71

33. Changing from a skill mix of 80% RN to 60% RN
on a neuroscience unit (DRG 14: cerebrovascular
disease) was not statistically associated with changes in
duration of stay [9.5 days vs 8.8 days; P =0.5 for the 0.7-
day difference]. p.370

[—2—]

Retrospective
3
high bias

Flood
1988

1988

34. Mean DRG-adjusted LOS on the understaffed unit
(78.5 8-h shifts not covered over 3 months) was longer
than that on adequately staffed unit (45.5 extra 8-h .
shifts over 3 months) [Mean understaffed = 9.1 days; mean
adequate = 7.8 days; difference in means = 1.3days/patient;
P not reported.] p.38

35. The understaffed unit (78.5 8-h shifts not covered
over 3 months) had 9% more patient days beyond the
mean hospital LOS than did the adequately staffed unit
(45.5 extra 8-h shifts over 3 months). [591 d/913d =
65%; 448 d/ 799 d = 56%; difference = 9% more days
above the mean LOS. P not reported.] p.39

It
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Table 10. Summary of Studies on the Effects of Nurse Staffing on Testing,
“ Treatment, and Procedure Errors

Internal External Effects on Testing, Treatment, and Procedure Errors
Study Validity Validity
Age of Data
Design # Hospitals
Duration (m) # Units
Bias # Patients

Clinical
Grade

Stati-tical
Grade

1. Total hours of nursing care/patient day was not
associated with medication error rates [ =+ 0.50; P > 0.1.
Mean rate = 11/10,000 doses; range, 0 to 26/10,000 doses].
p.48. Although not statistically or clinically significant,
each additional hour of nursing care/patient day was
associated with an additional 0.5 of a medication error
for each 10,000 doses given.

()
0

1993 2. A richer RN skill mix, up to 88% RN, was statistically
Blegen Retrospective 1 associated with lower rates of medication errors
1998 A 12 . 42 [B =-0.53; P <0.05. Mean rate = 11/10,000 doses; range, 0
Low bias 21,783 t0 26/10,000 doses]. p.48. Each 1% increase in RN skill
miXx, up to 88%, was associated with a decrease of 0.53
of a medication error in every 10,000 doses given.

q 3. Aricher RN skill mix above 88% RN was statistically

, associated with an increase in medication errors
[B =+0.56, P <0.05. Mean rate = 11/10,000 doses; range, 0
to 26/10,000 doses]. p.48. Each 1% increase in RN skill
mix above 88% was associated with an increase of 0.6 of
a medication error in every 10,000 doses given.

©

4. An increase in the proportion of RN hours of care, up to
85%RN, was statistically associated with a decrease in the
Retrospective 1 rate of medication errors/10,000 doses [ = -0.58; P < 0.05.
30 39 Mean rate = 4.8/10,000 doses]. p.200. The proportion of
high bias RN hours of care would have to be increased by about
T 2% to prevent one additional medication error for each
10,000 doses.

1993-1995
Blegen
1998 B

[

5. An increase in the proportion of RN hours of care, up to
85% RN, was statistically associated with a small decrease
in the rate of medication errors/1,000 patient days

[B =-0.28; P > 0.05. Mean rate = 6.7/1,000 patient days].
p.200. The proportion of RN hours of care would have
to be increased by about 4%/patient day to prevent one
additional medication error for each 1,000 patient days.
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6. An increase in the total hours of care/patient day (mean
10.8) was associated with an increase in the rate of
medication errors/10,000 doses [ =0.5; P < 0.05. Mean
rate = 4.8/10,000 doses]. p.200. An increase of 2
additional hours of care/patient day would result in one
additional medication error/10,000 doses.

()
1

7. An increase in the total hours of care/patient day (mean
10.8)was associated with an increase in the rate of
medication errors/1,000 patient days [ = 0.32; P <0.05.
Mean rate = 6.7/1,000 patient days]. p.200. An additional
3 hours of care/patient day would result in one
additional medication error/1,000 patient days.

0y
1

8. An increase in the proportion of RN hours of care above
85% was associated with an increase in the rate of
medication errors/10,000 doses [ = 0.48; P < 0.05. Mean
rate = 4.8/10,000 doses]. p.200. Above 85% RN hours of
care, a 2% increase in RN hours of care would be
associated with one additional medication error for each
10,000 doses.

©
1

9. An increase in the proportion of RN hours above 85%
was associated with an increase in the rate of medication
errors/1,000 patient days [ = 0.23; P > 0.05. Mean rate =
6.7/1,000 patient days]. p.200. Above 85% RN hours of
care, a 4% increase in RN hours of care would be
associated with one additional medication error for each
1,000 patient days.

(Findings 6-9 above, are counter-intuitive and have not
been replicated. Several possible explainations are

__provided by the author)

©)
0

Grillo-
Peck
1995

Retrospective

12
Moderate
bias

1992-93
1
1
71

10. Changing from a skill mix of 80% RN to 60% RN
on a neuroscience unit (DRG 14: cerebrovascular
disease) was not associated with the rate of medication
errors [7.2 vs. 6.8 errors/m; P = 0.75 for the difference of
0.4 errors/m]. p.370

o @

11. Changing from a skill mix of 80% RN to 60% RN
on a neuroscience unit (DRG 14: cerebrovascular
disease) was not associated with the rate of procedure
errors [4.8 vs. 5.0 errors/m; P = 0.9 for the difference of
0.2 errors/m]. p.370

o @
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Retrospective
6
high bias

Taunton
1994

1990

65

12. RN absenteeism (2.9 to 4.2 days lost/100 days
scheduled) was not associated with medication error
rates [overall mean rate = 4.5; range, 0 to 17; data were
not presented and were assumed to be clinically and
statistically unremarkable.] p.54

Retrospective
12
1992 high bias

1992

13. “Nursing absenteeism” was not related to
medication error rates. The differences were not reported
but were described as being not statistically significant.

[P >0.05].

[~

" Retrospective
Wan 3
1987 Moderate
bias

1985
45

14. RN hours/total daily nursing hours (mean = 52%) was
not associated with medication error rates [ =-0.10; P >
0.05]. p.64. Although not statistically or clinically
significant, each additional RN hour of care/total daily
nursing hours reduced the rate of medication errors by
0.10 errors/1,000 patient days over 3 months.

(]

15. LPN hours/total daily nursing hours (mean = 33%) was
not associated with medication error rates [ = +0.06; P >
0.05] p.64. Although not statistically or clinically
significant, each additional LPN hour of care/total daily
nursing hours increased the error rate by 0.06
errors/1,000 patient days over 3 months.

16. RN hours/total daily nursing hours (mean = 52%) was
not associated with testing or treatment error rates [p =
0.06; P >0.05]. p.64. Although not statistically or
clinically significant, each additional RN hour of
care/total daily nursing hours increased the rate of
testing or treatment errors by 0.06 errors/1,000 patient
days over 3 months.

17. LPN hours/total daily nursing hours (mean = 33%) was
not associated with testing or treatment errors [ =-0.04; P
> 0.05]. p-64. Although not statistically or clinically
significant, each additional LPN hours of care/total
daily nursing hours reduced the rate of testing or
treatment errors by 0.04 errors/1,000 patient days over
3 months.

Cross-
sectional
1 week
Moderate
bias

Dobal
1995

19942
31
46
442
providers

18. Nurse-to-patient ratios were not correlated with the
rate of medication errors [Mean ratio = 0.2, range, 0.05 to
0.3; mean error rate = 1.5; range, 0.2 to 4; r = 0.06; P>
0.05]. p.119
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Effects On Errors in Intravenous Medication Administration

Wan
1987

Retrospective
3
Moderate
bias

1985
45

19. RN hours/total daily nursing hours (mean = 52%) was
not associated with 1V error rates [} =+0.17; P > 0.05].
p.64. Although not statistically or clinically significant,
each additional RN hour of care/total daily nursing
hours increased the rate of IV errors by 0.17
errors/1,000 patient days over 3 months.

=]

20. LPN hours/total daily nursing hours (mean = 33%) was
not associated with I'V error rates [ =-+0.15; P > 0.05].
p.64. Although not statistically or clinically significant,
each additional LPN hour of care/total daily nursing
hours increased the rate of IV errors by 0.15
errors/1,000 patient days over 3 months.
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Table 11. Summary of Studies on the Effects of Nurse Staffing on Other

Complications

Systematic Review of the Literature

Internal External Clinical
Study Validity Validity Effects On Other Complications Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. Staffing at 80% to 100% of recommended levels was
associated with a complication rate of 18% (8/45); staffing
at 60% to 80% was associated with a complication rate of
56% (28/50); and staffing below 60% was associated with 1
a complication rate of 46% (7/37) [P <0.01]. p.69. Staffing 1
19899 rates closer to recommended levels were associated with
Retrospective ’ decreased complication rates among surgical patients in
Behner p 1 P 1 rates g surgical p
6 the first 3 days of hospitalization.
1990 high bias !
132
2. Staffing at 80% or less of recommended levels was
associated with a 30% increased probability of 1
complications among surgical patients during entire 0
hospital stay. [P not reported]. p.69
3. The average complication rate on the understaffed
unit (78.5 8-h shifts not covered over 3 months) did not 0
differ from that of the adequately staffed unit (45.5 0
v _ extra 8-h shifts over 3 months) (1.9 vs 1.7 mean number
Retrospective 1988 of complications/patient; P not reported). p.38
Flood 3 1
1988, high bias 457 4. The understaffed unit (78.5 8-h shifts not covered
over 3 months) had 7% more patients with 1
complications than did the adequately staffed unit (45.5 0
extra 8-h shifts over 3 months) [71% (185/259) vs 64%
(152/238); P not reported]. p.38
5. For patients undergoing cardiac bypass surgery,
Retrospective 1992 higher nurse-to-bed ratios were statistically associated
Silber 12 57 with higher complication rates [RR = 1.09; 95%CI = 1.05 0
1995 low bias e to 1.13; P <0.001. The relative risk of complications was 1
16,673 0.09 higher for the next highest quartile of nurse-to-bed
ratios] p. 321
Cross- 6. The number of RN FTEs/patient day was not
. 1993 . . L .
sectional 506 associated with complications caused by medical or 0
Kovner 12 diagnostic equipment [Data were not presented and so 0
1998 Moderate were presumed to be not clinically relevant or statistically
bias significant.] p. 316
Hospital Nurse Staffing and Quality of Care 1-74



Effects on Venous Thrombosis

Needle-  Retrospective
man 12m
2001 moderate bias

7. In medical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no or inconsistent effects on deep
vein thrombosis. [Rates ranged from 0.3% to 0.6%.
Relationship described as “none/inconsistent.”’] p.101

8. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no or inconsistent effects on deep
vein thrombosis. [Rates ranged from 0.2% to 0.8%.

1997 Relationship described as “none.”] p.101

799

9. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no or inconsistent affect on
the rate of deep vein thrombosis. [Rates ranged from
0.3% to 0.6%. Relationship described as “none/
inconsistent.”] p.101

10. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no or inconsistent affect on
the rate of deep vein thrombosis. [Rates ranged from
0.2% to 0.8%. Relationship described as “none.”} p.101

Cross-
sectional
Kovner 12
1998 Moderate
bias

11. Increases in RN FTEs were statistically associated
with decreases in the rate of thrombosis after major
surgery. [Mean rate = 0.4/100 discharges, range 0 to 4; B =
-33.22; 95%CI = -57.76 to -8.68; P < 0.01.] Unable to
interpret the clinical importance of the finding. p.319

1993 12. Increases in non RN FTEs were statistically and

506 inversely associated with decreases in thrombosis after
major surgery. [Mean rate = 0.4/100 discharges, range 0 to
4; B =-11.7; P <0.007.] Unable to interpret the clinical
importance of the finding. p.318

13. Increases in RN FTE and non RN FTE were
apparently not associated with the rates of venous
thrombosis after invasive vascular procedures. [Data
were not presented and so were presumed to be not
clinically relevant or statistically significant.] p.316
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Effects on Shock

14. In medical patients, increasing mean RN hours/day
from 6.4 to 9.1 decreased the rate of shock by between
6% and 10%. [Rates ranged from 0.1% to 0.8%.
Relationship described as “strong.”] p.101

15. In surgical patients, increasing mean RN hours/day

from 6.4 to 9.1 had no effect on the rate of shock. [Rates 0
ranged from 0.1% to 1.6%. Relationship described as 0
Needle-  Retrospective 1997 none.”] p.101
799
man 12m
: .

200 moderate bias 16. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 decreased the rate of shock by 1
between 7% and 13%. [Rates ranged from 0.1% to 0.8%. 1
Relationship described as “strong.”] p.101
17. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no effect on the rate of 0
shock. [Rates ranged from 0.1% to 1.6%. Relationship 0

- described as “none.”] p.101
Effects on Pulmonary Compromise

18. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no effect on pulmonary failure rates. 0
[Rates ranged from 0.2% to 2.2%. Relationship described 0

Needle-  Retrospective 1799997 as “none.”] p.101
man 12m
2001 moderate bias . . . . .
_19. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no effect on pulmonary
failure rates. [Rates ranged from 0.2% to 2.2%.
Relationship described as “none.”] p.101
20. Increases in RN FTE were associated with decreases in
Cross- 1993 the rate of pulmonary compromise after major surgery.
Kovner sectional 506 [Mean rate = 0.9/100 discharges, range 0 to 18; § = -59.69;
1998 12 P <0.05] p.319. “An increase of 0.5 RN h/patient day

moderate bias

was associated with a 1.8% decrease in the rate of
pulmonary compromise after surgery.”
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Effects On Gastrointestinal Hemorrhage

21. In medical patients, increasing mean RN hours/day
from 6.4 to 9.1 decreased the rate of upper

gastrointestinal hemorrhage by between 5% and 7%. (1)
[Rates ranged from 0.5% to 1.2%. Relationship described
as “consistent.”] p.101
22. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 had no effect on rates of gastrointestinal 0
hemorrhage. [Rates ranged from 0.3% to 1.6%. 0
Needle-  Retrospective 1997 Relationship described as “none.”] p.101
799
man 12 m
2001 moderate bias 23. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 “consistently” decreased the
. . 1
rate of upper gastrointestinal hemorrhage by between 1
3% and 17%. [Rates ranged from 0.5% to 1.2%.
Relationship described as “consistent.”] p.101
24. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 had no effect on rates of 0
gastrointestinal hemorrhage. [Rates ranged from 0.3% to 0
1.6%. Relationship described as “none.”] p.101
Cross- . . .
. 1993 25. Changes in RN FTE were not associated with the
sectional . . .
Kovner 12 506 rate of gastrointestinal hemorrhage after major surgery. 0
1998 M [Data were not presented and so were presumed to be not 0
oderate . .. L
bias clinically relevant or statistically significant.] p.316
Efiects'On Rate of Acute Myocardial Infarction
Cross- . : . .
sectional 1993 26. Changes in RN FTE were not associated with the
Kovner 12 506 rate of acute myocardial infection. [Data were not 0
1998 presented and so were presumed to be not clinically 0
Moderate L. L
bias relevant or statistically significant.] p.316
Hospital Nurse Staffing and Quality of Care 1-77
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Effects On Rate of Cardiac Arrests

Blegen
1998 B

Retrospective
30
high bias

1993-1995
11
39

27. Total hours of nursing care (mean = 10.8) was not
associated with the rate of cardiac arrests/1,000 patient days
[B=-0.1; P> 0.1. Mean rate = 1.6/1,000 patient days].
p-200. Although not statistically or clinically significant,
each additional hour of care/patient day was associated
with a decrease of 0.1 cardiac arrest/1,000 patient days.

[— X

28. The proportion of care delivered by RNs (mean = 73%)
was not associated with the rate of cardiac arrests/1,000
patient days [ =-0.08 P> 0.1. Mean rate = 1.6/1,000
patient days]. P. 200. Although not statistically or
clinically significant, each additional percent of care
provided by an RN prevents about 0.1 cardiac
arrest/1,000 patient days.

[ —]

Effects On Patient Morbidity

Bradbury Retrospective

1994

12
high bias

1990
43

29. Mean total FTEs did not differ significantly between
hospitals in the highest and lowest quartiles of major
morbidity, where morbidity was defined as remaining in
the two highest severity groups for 1 week [719 vs 776
FTEs; P > 0.05]. p.64

30. Mean total staff/admission ratios did not differ
significantly between hospitals in the highest and lowest
quartiles of major morbidity, where morbidity was
defined as remaining in the two highest severity groups for
1 week [0.096 vs 0.103; P > 0.05]. p.64

[——}

31. Mean RN/LPN ratios did not differ significantly
between hospitals with the highest and lowest quartiles
of major morbidity, where morbidity was defined as
remaining in the two highest severity groups for 1 week
[5.5vs4.8; P >0.05]. p.64
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Effects on Failure to Rescue (Death after Complications)

32. In medical patients, increasing mean RN hours/day

from 6.4 to 9.1 had inconsistent effects on failure-to- g
rescue rates. [Rates ranged from 13.6% to 22.6%.] p.101
33. In surgical patients, increasing mean RN hours/day
from 6.4 to 9.1 decreased failure-to-rescue rates by 1
between 4% and 6%. [Rates ranged from 13% to 22.6%. 1
Relationship described as “strong/consistent.”} p.101
Needle-- Retrospective 1997

man 12m 799 . . . . .

2001 moderate bias 34. In medical patients, increasing mean total nursing
hours/day from 9.7 to 13 had inconsistent effects on 0
failure-to-rescue rates (death after complications). 0
[Rates ranged from 0.3% to 1.6%.] p.101
35. In surgical patients, increasing mean total nursing
hours/day from 9.7 to 13 decreased failure-to-rescue 1
rates by between 2% and 12%. [Rates ranged from 13% 1

to 22.6%. Relationship described as “strong/consistent.”]
p-101

Effects On Patient Injuries (Not Specified)

36. RN hours/total daily nursing hours (mean = 52%) was

not associated with injury rates [ = +0.25 P > 0.05]. p.64.

Although not statistically or clinically significant, each 0
additional RN hour of care/total daily nursing hours 0
increases the injury rate by 0.25 injuries/1,000 patient

Retrospective 1985 days over 3 months.
Wan 3 45
1987 Moderate .
bias . 37. LPN hours/total daily nursing hours (mean = 33%) was
not associated with injury rates [ = +0.33 P > 0.05]. p 64.
Although not statistically or clinically significant, each ()}
additional LPN hour of care/total daily nursing hours 0

increases the injury rate by 0.33 injuries/1,000 patient
days over 3 months.
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Table 12. Summary of Studies on the Effects of Nurse Staffing on Patient
Satisfaction and Perceptions of Care

Internal

Study Validity

External
Validity

Design
Duration (m)
Bias

Age of Data
# Hospitals
# Units

# Patients

Effects On Patient Satisfaction and Perceptions of Care

Clinical
Grade

Statistical
Grade

Prospective
36
Low bias

Sovie
2000

1997 &
1998
29

1 & 2. The number of RN hours worked/patient day (range
3 to 10 h) was directly and statistically associated with
satisfaction with pain management (range 80% to 95%) on
medical and surgical units [B = 1.43, value computed from
graph; P < 0.001]. Each increase of 7 Rn HWPPD
resulted in a 10% improvement in satisfaction with pain
managem, on both types of units; satisfaction was
significantly higher on medical units [difference = 5%; P =
0.02]. p.69

Prospective
9
Moderate
bias

Bostrom
1993

1993

3. The 17% reduction in staff RN minutes/patient/shift
(16 min, from 96 to 80 min) after moving to team
nursing did not affect patient satisfaction scores. [All
means = 1 or 2 on 5-point scale, 1 = good.] p.39

Prospective
10
Low bias

Shukla
1983

1983

4. Nursing model (skill mix) had no significant effect on
quality of patient care (as measured by trained raters on
the QualPaC Scale). On a 5-point scale, the rating was 3.3
on the Primary Nursing unit (100% RN), 3.0 on the
Modular Nursing unit (50% RN/ 50% LPN), and 3.1 on the
Team Nursing unit (50% RN/ 25% LPN/ 25% UAP) [P =
0.2].p.180

(=]

5. Nursing modél (skill mix) had no significant effect on
nurses’ perception of quality of care (Safford Scale). On
a 5-point scale, the rating was 3.5 on the Primary Nursing
unit (100% RN), 3.8 on the Modular Nursing unit (50%
RN/ 50% LPN), and 3.7 on the Team Nursing unit (50%
RN/ 25% LPN/ 25% UAP) [P = 0.33]. p.180

6. Nursing model (skill mix) had a significant effect on
the quality of clinical care (Clinical Care Quality Index
for meeting IV administration standards). On a scale of
1% to 100%, the index was 57% on the Primary Nursing
unit (100% RN), 58% on the Modular Nursing unit (50%
RN/ 50% LPN), and 69% on the Team Nursing unit [P =
0.001 for the difference between Primary and Team units].
p.180

)
1

Hospital Nurse Staffing and Quality of Care
Systematic Review of the Literature



7. Nursing model (skill mix) had no significant effect on
physicians’ perception of quality of care (Safford Scale).
On a 5-point scale, the rating was 4.0 on the Primary
Nursing unit (100% RN), 3.8 on the Modular Nursing unit
(50% RN/ 50% LPN), and 4.0 on the Team Nursing unit
(50% RN/ 25% LPN/25% UAP) [P = 0.34].p.180

(=~

Prospective
10
high bias

Hinshaw
1981

1976

8. Nurses’ perceptions of quality of care did not change
as nursing model changed from a team model to all-RN
staffing. [Data were not reported and so were assumed to
be clinically and statistically unremarkable]. p.33

=

9. Patients’ perceptions of quality of care did not change
as nursing model changed from a team model to all-RN
staffing. [Data were not reported and so were assumed to
be clinically and statistically unremarkable]. p.33

(K]

10. After changing from a team model of nursing to all-
RN staffing, patient (n = 50) perceptions of technical
care improved statistically but not substantively [4.1 vs
4.3 on a 5-point scale; P < 0.001]. p.33

0

11. After changing from a team model of nursing to all-
RN staffing, patient (n = 50) perceptions of trust in
nurses improved statistically but not substantively [4.1
vs 4.3 on a S-point scale; P <0.001]. p.33

12. After changing from a team model of nursing to all-
RN staffing, patient (n = 50) perceptions of RN teaching
quality did not change [4.0 vs 4.0; P <0.001]. p.33

Retrospective
12
Low bias

Blegen
1998 A

1993

42
21,783

13. Total hours of nursing care/patient was not related to
the rate of complaints [ = 0.47; P > 0.05. Meari rate =
2.2/1,000 patient days; range, 0 to 11/1,000 patient days]
Each additional hour of nursing care was associated with a
decrease of about 0.5 complaints/ 1,000 patient days. p.48.
Although not statistically or clinically significant, about
2 additional hours of nursing care/patient day would be
required to prevent 1 additional complaint in each 1,000
patient days.

[ ]

Hospital Nurse Staffing and Quality of Care
Systematic Review of the Literature

I-81



14. RN skill mix was not associated with an increase in the

rate of complaints [ =+0.31; P> 0.05. Mean rate =

2.2/1,000 patient days; range, 0 to 11/1,000 patient days]. (©)
p.48. Although not statistically or clinically significant, 0
each 10% increase in RN skill mix was associated with

an increase of about 3 complaints for each 1,000 patient

days.
15. Nurse-to-patient ratios accounted for 18.5% of the 2
Cross- 19947 variance in nurses’ perceptions of their ability to meet 1
sectional 31 family needs [r = 0.43;r* = 0.185; P <0.01]. p.119
Tops. 0.25 2
Moderate . . . o
bias providers 16. Nurse-to-patient ratios accounted for 9% of the 2
variance in patients’ perceptions of the supporting 0
behaviors of nurses [r = 0.30; r* = 0.09; P> 0.05]. p.119
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Table 13. Summary of Studies on the Effects of Nurse Staffing on Patient Care

Monitoring
Internal External Clinical
Study Validity Validity Effects on Patient Care Monitoring Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. A lower LPN/RN ratio (a richer RN skill mix) was
associated with higher care plan index (CPI) scores (higher
quality care plans) [Range 39% to 97%; B = -6.39%; P not 1
reported but presumed to < 0.05]. p.341. For each unit 1
increase in the LPN/RN ratio (representing a leaner skill
mix), the CPI index dropped 6.4% on a 100% scale.
2. A lower LPN/RN ratios (a richer RN skill mix) was
1977-85 associated with higher nursing record index (NRI) scores
Carter Prospective 1 (better documentation of care) [Range 25% to 98%; B =- 1
1986 96 12 9.71; P not reported but presumed to be < 0.05]. p.341. For 1
Low bias each unit increase in the LPN/RN ratio (representing a
leaner skill mix), the NRI index dropped 9.7% on a
100% scale.
3. A lower LPN/RN ratios (a richer RN skill mix) was
associated with higher nursing care index (NCI) scores
(better quality care) [Range 9% to 100%; B =-4.64; P not 1
reported but presumed to be < 0.05]. p.341. For each unit 1
increase in the LPN/RN ratio (representing a leaner skill
mix), the NCI index dropped 4.7% on a 100% scale.
. 1989 « . fem? i i
Ceria Retrospective 1 4. “Nursing absenteeism” was not related to medl._catlon 0
1992 . 12 . 6 errors. [The rates were not reported but were described as 0
high bias being not statistically significant]. p.38
5. “Nursing absenteeism” was not related to rates of
adherence to environmental regulations. [The rates were 0
not reported but were described as being not statistically 0
. significant]. p.38
6. “Nursing absenteeism” was not related to errors in IV
- 0
monitoring. [The rates were not reported but were 0
described as being not statistically significant]. p.38
Hospital Nurse Staffing and Quality of Care 1-83
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7. “Nursing absenteeism” was not related to care plan

monitoring. [The rates were not reported but were g
described as being not statistically significant.] p.38
8. “Nursing absenteeism” was not related to errors in 0
crash cart monitoring. [The rates were not reported but 0
were described as being not statistically significant.] p.38
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Table14. Summary of Studies on the Effects of Nurse Staffing on Nursing

Documentation
Internal External Clinical
Study Validity Validity Effects on Nursing Documentation Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. The 17% reduction in staff RN minutes/patient/shift
. (16 min, from 96 to 80 min) after moving to team
Bostrom Prosp; ctive 19193 nursing was not associated)with changesg in the number 1
1993 M of incident reports [maximum change in ratio of unit-to- M
oderate 3 N . . . 0
bias hospital incident report frequencies for 3 nursing units =
0.2/1,000. Minimum ratio = 0.4 before reduction;
maximum ratio = 1.3 after reduction. P not reported.] p.40
Prospective 1976 ° 2. Changing from a tea'm model (.)f nursing to all-RN
Hinshaw 10 1 staffing was accom.pamed by an increase in the num_ber 1
1981 High bias 1 of qocumented patient problems per Kar.dex [mean =1 1
patient problem/Kardex before vs. 2.43 patient ;
problems/Kardex after; P <0.001]. p.34
3. In California, a higher proportion of RNs/nursing
. 1991 staff (overall mean = 67% RN) was associated with
Kuhn Retroigectlve 1219 lower physician-confirmed problem rates in quality of 1
1991 high bias care reviews of Medicare charts [worst quartile = 3.58%, 1
best quartile = 2.30%; P < 0.001. Means for all states were
3.45%, lowest quartile and 2.53% highest quartile]. p.1033
4. In New York, a higher proportion of RNs/nursing
staff (overall mean = 63% RN) was statistically
asscciated with higher physician-confirmed problem 1
rates in quality of care reviews of Medicare charts 1
[worst quartile = 1.04, best quartile = 1.60; P <0.05.
Means for all states were 3.45%, lowest quartile and 2.53%
highest quartile]. p.1033 :
5. In Pennsylvania, a higher proportion of RNs/nursing
staff (overall mean = 66% RN) was associated with
lower physician-confirmed problem rates in quality of 1
care reviews of Medicare charts [worst quartile = 3.61, 1
best quartile = 2.33; P < 0.01. Means for all states were
3.45%, lowest quartile and 2.53% highest quartile]. p.1033
Hospital Nurse Staffing and Quality of Care 1-85
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6. In Ohio, a higher proportion of RNs/nursing staff
(overall mean = 61%) was associated with lower
physician-confirmed problem rates in quality of care
reviews of Medicare charts [worst quartile = 0.97, best
quartile = 0.81; P > 0.05. Means for all states were 3.45%,
lowest quartile and 2.53% highest quartile]. p.1033

(=]

7. In Illinois, a higher proportion of RNs/nursing staff
(overall mean = 65%) was associated with lower
physician-confirmed problem rates in quality of care
reviews of Medicare -charts [worst quartile = 6.85, best
quartile = 3.32; P < 0.01. Means for all states were 3.45%,
lowest quartile and 2.53% highest quartile]. p.1033

8. In Texas, a higher proportion of RNs/nursing staff
(overall mean = 52%) was associated with lower
physician-confirmed problem rates in quality of care
reviews of Medicare charts [worst quartile = 4.04, best
quartile = 3.94; P < 0.05. Means for all states were 3.45%,
lowest quartile and 2.53% highest quartile]. p.1033

Ceria
1992

Retrospective
12
High bias

1989
1
6

9. “Low absenteeism” “was associated” with lower rates
of incident reports and higher rates of adherence to
environmental and IV monitoring protocols. The
differences were not reported but were described as being
not statistically significant [P > 0.05].

(=]

10. “High absenteeism” “was associated” with better
adherence to crash cart monitoring protocols.” The
differences were not reported but were described as being
not statistically significant [P > 0.05].

()
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Table 15. Summary of Studies on the Effects of Nurse Staffing on Nursing
Absenteeism, Turnover, and Vacancy Rates

Internal External Effects On Nursing Absenteeism, Turnover, and Clinical
Study Validity Validity Vacancy rates Grade
Age of Data
Design # Hospitals
Duration (m) . # Units Statistical
Bias # Patients Grade
1. Nurse-to-bed ratios (mean = 0.003, or 1 RN/333 beds)
Retrospective 1980 were directly correlated with RN turnover rates (% of RNs
Bloom 12 435 voluntarily resigning from unit/quarter; mean = 26%; data €9
1992 Moderate highly skewed) [B = +0.25; P <0.001]. p.1420. An 1
bias additional 10% beds per RN was associated with a 2.5%
increase in resignations per unit/quarter.
2. Nurse-to-patient ratios were not correlated with 0
Cross- 19947 position vacancy rates [Mean vacancy rate = 7.9%; r = 0
Dobal sectional 31 0.14; P >0.05]. p.119
1995 0.25 46 :
Moderate 442 3. Nurse-to-patient ratios were not correlated with 0
bias providers turnover rates [Mean turnover rate = 19.3%; r=-0.16; P 0
© >0.05]. p.119
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Systematic Review of the Literature



S

Takle16. Summary of Studies on the Effects of Nurse Staffing on Nurse
Satisfaction

Internal External Clinical
Study Validity Validity Effects On Nurse Satisfaction Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. Changing from a team model of nursing to all-RN
staffing was accompanied by improved job satisfaction 0
among nurses [mean satisfaction increased from 2.97 1
Prospective 1976 (n=18)t0 3.52 (n=17) on a 5-point scale; P <0.001]. p.32
Hinshaw 10 1 |
1981 high bias 1
2. Changing from a team model of nursing to all-RN
staffing was accompanied by improved group cohesion ?
.among nurses [mean cohesion 2.43 (n = 18) to 3.1 1
(n=17) on a 5-point scale; P = 0.055]. p.32
Hospital Nurse Staffing and Quality of Care I-88
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Table 17. Summary of Studies on the Effects of Nurse Staffing on Other Aspects

of Nursing
Internal External Clinical
Study Validity Validity Effects on Other Aspects of Nursing Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
Prospective 1976 1. After changing to al.l RN stafﬁpg, the Cl‘lte‘l“la used by
: RNs to define the quality of nursing became “more
Hinshaw 10 1 . v . . . . 0
. . professional.” The effect is described as a shift from using
1981 high bias 1 ) e 0
more personal to more professional criteria.. [P not
reported]. p.32
Effects On Assaults on Psychiatric Nursing Staff
2. Assault rate was not related to the nunjber of 0
patients. [Data were not reported but were described as 0
indicating no relationship.] p.45
3. Assault rate was not related to the number of RNGs. 0
[Data were not reported but were described as indicating no 0
relationship.] p.45
4. Assault rate was not related to the number of LPNs. 0
[Data were not reported but were described as indicating no 0
. 1997 relationship.] p.45 ¢
: Prospective
Lanza 6 1
1997 low bias 6
3,312 shifts 5. Assault rate was not related to the number of UAPs. 0
[Data were not reported but were described as indicating no 0
relationship.] p.45 '
6. Assault rate was not related to the number of total 0
staff. [Data were not reported but were described as 0
indicating no relationship.] p.45 '
7. Assault rate was not related to the patient/staff ratio. 0
[Data were not reported but were described as indicating no 0
relationship.] p.45
Hospital Nurse Staffing and Quality of Care I-89
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Table 18. Summary of Studies on the Effects of Nurse Staffing on Amount of

Direct Nursing Care

External
Validity

Internal

Study Validity

Age of Data
Design # Hospitals
Duration (m) # Units
Bias # Patients

Effects On Amount of Direct Nursing Care

Clinical
Grade

Statistical
Grade

Prospective 1983
Shukla pectv

1983 Low bias

1. Nursing model (skill mix) had no significant effect on
the amount of direct care in hours/patient day. The
mean amount was 0.94 h/d on the Primary Nursing unit
(100% RN), 1.05 h/d on the Modular Nursing unit (50%
RN/ 50% LPN), and 0.95 h/d on the Team Nursing unit
(50% RN/ 25% LPN/ 25% UAP) [P not reported] p.182

(=2

2. Nursing model (skill mix) had no significant effect on
the proportion of time an RN spent in direct care. The
rate was 37.5% on the Primary Nursing unit (100% RN),
40.8% on the Modular Nursing unit (50% RN/ 50% LPN),
and 41.5% on the Team Nursing unit (50% RN/ 25% LPN/
25% UAP). [P not reported] p.182

oo

Retrospective 1998
Arndt e S
1998 Moderate
bias

3. A greater proportion of care delivered by RNs was
statistically associated with lower hours of care/patient for
patients undergoing inguinal and femoral hernia operations
(DRG 162; n=195) [B =-0.14; P <0.01]. For each
additional hour of care provided by an RN, the total
hours of care received by a patient in DRG 162 dropped
by 0.14 of an hour, or about 9 minutes (0.14 of 60 min =
9 min). p.43

©
1

4. A greater proportion of care delivered by RNs was
associated with higher hours of care/patient for patients
with esophageal, gastro-intestinal and digestive disorders
(DRG 183;n=295). [B=0.08;P>0.05] For each
additional hour of care provided by an RN, the total
hours of care received by a patient in DRG 183
increased by 0.08 of an hour, or about 5 minutes (0.08 of
60 min = 5 min). p.43

Hospital Nurse Staffing and Quality of Care
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5. A greater proportion of care delivered by RNs was
statistically associated with higher hours of care/case for
non-radical hysterectomy (DRG 355; n=235). [B =0.20; P
<0.01] For each additional hour of care provided by an
RN, the total hours of care received by a patient in DRG
355 increased by 0.20 of an hour, or about 12 minutes
(0.20 of 60 min = 12 min). p.44 "

6. A greater proportion of care deliveréd by RNs was
statistically associated with higher hours of care/case for
medical back problems (DRG 243; n=407) [ =-0.05; P <
0.05]. For each additional hour of care provided by an
RN, the total hours of care received by a patient in DRG
243 increased by 0.08 of an hour, or about 5 minutes
(0.08 of 60 min = 5 min). p.44
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Table 19. Summary of Studies on the Effects of Nurse Staffing on Institutional

Financial Outcomes

Internal

Systematic Review of the Literature

External Clinical
Study Validity Validity Effects On Institutional Financial Outcomes Grade
Age of Data
Design # Hospitals
Duration (m) # Units Statistical
Bias # Patients Grade
1. On medical units, skill mix (% RN) was not 0
correlated with regional adjusted labor costs/discharge 0
[r=-0.07; P =0.77]. p.62
1997 . . -
29 2. On surgical units, skill mix (% RN) was not 0
correlated with regional adjusted labor costs/discharge 0
[r=-0.07; P=0.78]. p.62
3. RN HWPPD was not correlated with regional
adjusted labor costs/discharge [Data were not reported 0
and so were assumed to be clinically and statistically 0
Sovi Prospective unremarkable.] p.62
ovie
2000 . 36
Low bias
4. On medical units, skill mix (% RN) was not 0
correlated with regional adjusted labor costs/discharge 0
[r=-0.18; P=0.38]. p.62
1998 5. On surgical units, skill mix (% RN) was not
29 correlated with regional adjusted labor costs/discharge 0
[r=-0.11; P=0.60]. p.62 0
6. RN HWPPD was not correlated with regional .
adjusted labor costs/discharge [Data were not reported 0
and so were assumed to be clinically and statistically 0
unremarkable.] p.62
7. Nursing model (skill mix) had no significant effect on
7 Prospective 1983 total cost/patient day. The mean cost was $22.12 on the
Shukla 10 1 Primary Nursing unit (100% RN), $21.59 on the Modular 0
1983 Low bias 3 Nursing unit (50% RN/ 50% LPN), and $20.19 on the Team 0
Nursing unit (50% RN/ 25% LPN/ 25% UAP). [P not
reported] p.180
Hi Prospective 1976 8. After changing from a team model of nursing to all
inshaw 10 1 s 1
1981 high bias ) RN staffing, mean hours/day of nursing sick leave 0
dropped from 1.24 to 0.48 h/day. [P not reported]. p.35
Hospital Nurse Staffing and Quality of Care 1-92



9. After changing from a team model of nursing to all
RN staffing, mean hours/day of overtime dropped from
0.79 to 0.39 h/day. [P not reported]. p.35

ot

10. After changing from a team model of nursing to all
RN staffing, mean hours/day of compensatory time off
dropped from 0.28 to 0.04 h/day. [P not reported]. p.35

Prospective 1993
9 1
Moderate 3
bias

Bostrom
1993

11. The 17% reduction in staff RN minutes/patient/shift
(16 min, from 96 to 80 min) after moving to team
nursing lowered average acuity—-adjusted costs per
patient day by $8, $13, and $88 on the three nursing
units [P not reported]. p.39

. ? <1989
Behner Retrosgectlve 1

1990 . . 1
high bias 132

12. The additional costs of 132 patients in DRG 215

~(back and neck procedures) experiencing complications

was greater than the savings achieved by 20%
understaffing of RNs [costs of complications = $30,800;
savings from understaffing = $13,600; surplus from full
staffing = $17,200; P not reported]. p.70

Retrospective 1988

3
high bias

Flood
1988

13. The understaffed unit (78.5 8-h shifts not covered
over 3 months) lost an estimated $151,000/year more
than did the adequately staffed unit (45.5 extra 8-h
shifts over 3 months) ($-236,000 vs $-85,000; 1985
dollars; P not reported). p.39

b

Retrospective 1987
Glandon 3 62
1989 Moderate 392
bias

14. Primary care nursing (24-h RN accountability; 75%
RN) was more expensive than team (58% RN), modular
(60% RN), and total patient care (71% RN) models of
nursing. Adjusted nursing costs/unit workload (for a
standardized patient) were $2.80 (6.3%) above the overall
study average of $44.02 [P not reported]. p.32

.

15. Team nursing (nurse coordinates team; 58% RN))
was less expensive than primary care (75% RN),
modular (60% RN), and total patient care (71% RN)
models of nursing. Adjusted nursing costs/unit workload

" (for a standardized patient) were $2.09 (4.7%) below the

overall study average of $44.02 [P not reported]. p.32
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16 Nursing units with more than 70% RN staffing were
more expensive than units with less than 70% RN
staffing. Adjusted nursing costs/unit workload (for a
standardized patient) were $2.60 (5.9%) above the overall
study average of $44.02 [P not reported]. p.32

[

17. Nursing units with less than 61% RN staffing were
less expensive than units with more than 61% RN
staffing. Adjusted nursing costs/unit workload (for a
standardized patient) were $3.28 (7.5%) below the overail 0
study average of $44.02 [P not reported]. p.32

ok

Halloran
1983

18. The unit with 72% RN staffing cost less and

delivered more effective care than a similar unit with

40% RN, 20% LPN, and 40% UAPs [$280 (1.68 h/day)

vs. $305 (1.3 l/day); P value for the $25/day difference not 1
reported. Effective care was defined by correlations 0
between total hours of direct care and time spent with each

patient in each of Maslow’s five Hierarchy of Needs

categories]. p.22

19837
Prospective 1
0.5 2
High 103

Osinski
1980

19. The hospital using all-RN staffing had the lowest
nursing care hours [2.6 vs. 4.0 h/d for those using primary a)
nursing, 4.3 h/d for those using team nursing, 3.9 h/d for
those using functional nursing, and 4.8 h/d for those using
Cross- 1980 team-functional nursing. P not reported]. p.21
sectional 35

1 day e

High - 20. The hospital using all-RN staffing had the lowest
cost per bed per day [$18.64 vs. $23 for those using
primary nursing, $23.50 for those using team nursing,
$24.25 for those using functional nursing, and $24.36 for
those using team-functional nursing. P not reported]. p.20

(2
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EMPIRICAL ANALYSIS OF OSHPD DATA

Richard L. Kravitz, MD, MSPH; Patrick S. Romano, MD, MPH; Michael Maher, PhD; Michael Gallagher

INTRODUCTION

In this section of the report, we describe the results of our analysis of hospital
financial and discharge data obtained from the California Office of Statewide Health
Planning and Development (OSHPD). We conducted these analyses in order to
accomplish three general objectives. First, we wished to describe levels of nurse staffing
(i.e., the distribution of nurse staffing ratios) at the nursing unit level in California
hospitals from the most recent possible reporting period (1998-99). Knowledge of
existing ratios could help CDHS establish a baseline for imposing more stringent ratios
and for evaluating their impact. Second, we wanted to assess the likely effects of any
new regulations on nurse manpower requirements and costs across California hospitals.
Different stakeholder groups have proposed widely differing ratios (Table 2), with some
likely to have minimal impact on the average hospital and others likely to have major
impact. Third, we wished to assess both the baseline ratios and the likely consequences
of imposing varying staffing standards across different types of hospitals in different
regions of the state. Some hospitals (or hospital types) might be much more vulnerable
to tougher staffing standards than others, and it would be useful for policymakers to
know in advance who is likely to be most affected.

DATA AND METHODS

Data Sources |

Data for this analysis were obtained from the OSHPD Hospital Annual Disclosure
Reports. Approximately 500 hospitals in California are required to submit this report
within four months of the hospital’s fiscal year end. Hospital Annual Disclosure Reports
contain financial and utilization data, and are available online
(http://www.oshpd.cahwnet.gov). Submitted reports are edited and audited by OSHPD.
Variables collected for the report include: type of ownership and inventory of provided
services; number of beds and corresponding utilization statistics by payer; balance sheet
and summary income statement; revenues by payer and revenue center; expenses by
natural classification and cost center; and productive hours and average hourly rates by
employee classification and cost center.

Most of the analyses reported below were obtained from OSHPD’s 24™ Reporting
Year, which covers the reporting cycle 6/30/98-6/29/99. To assess short-term stability of
the findings, data were compared to OSHPD Cycle 23 (6/30/97-6/29/98). In general, all
findings (including estimated nurse:patient ratios) were very similar between the two
reporting cycles. In a related analysis of OSHPD data, Spetz and colleagues recently
reported that nurse staffing adjusted for patient mix held steady or perhaps increased
slightly between 1992 and 1998. However there was a leveling off or a slight decline in
nursing personnel hours per case mix adjusted discharge.




Variables
AB 394 Unit Types

As noted, the language of AB 394 refers to 13 different types of hospital units:
critical care unit, burn unit, labor and delivery room, postanesthesia service area,
emergency department, operating room, pediatric unit, step-down/intermediate care unit,
specialty care unit, telemetry unit, general medical care unit, subacute care unit, and
transitional inpatient care unit. On the other hand, OSHPD collects staffing and census
information for a large number of “revenue centers,” including 25 “daily hospital
services” inpatient units and a similar number of “ancillary services” units. To create
estimates of nurse staffing levels that would be relevant to AB 394 using OSHPD data,
we created a crosswalk between the AB 394 and OSHPD definitions. The crosswalk is
presented in the text table below and is reiterated in the results tables appearing at the end
of this report.

AB 394 OSHPD

DESIGNATION COST CENTER

Burn Care Burn Care

Critical Care Coronary Care

Critical Care Pediatric Intensive Care

Critical Care Neonatal Intensive Care
Critical Care Other Intensive Care

Critical Care Medical/Surgical Intensive Care
Emergency Emergency Services

General Medical Care Medical/Surgical Acute Care
Labor and Delivery  Labor and Delivery Services

Nursery Acute Nursery Acute

Obstetrics Acute Obstetrics Acute

Pediatric Unit Pediatric Acute

Psychiatric Psychiatric Acute Adult

Psychiatric Psychiatric Acute Adolescent & Pediatrics
Step-Down/Telemetry Definitive Observation

Sub-Acute Care Sub-Acute Care

We estimated nursing ratios separately for psychiatric units in acute care hospitals
and psychiatric units in psychiatric hospitals, because these two types of units had
markedly different average staffing patterns.

Metrics for Nurse Staffing

Various metrics have been used to measure levels, richness, or intensity of nurse
staffing. AB 394 refers to nurse-to-patient ratios, defined as the number of nurses
available to care for a single patient at any given time. Unfortunately, neither nurse-to-
patient ratios nor the inverse metric (patient-to-nurse ratios) can be directly derived from
administrative data.

A closely related metric, the number of nursing hours per patient day (HPD), is
directly available from the OSHPD Hospital Disclosure Reports. The numerator of this
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metric is the total number of nursing hours worked during a given period of time, and the
denominator is the total number of patients cared for multiplied by the number of 24-hour
days they were under care. One problem with HPD is that total nursing hours includes
time spent on vacation, leave, and other non-productive activities. Fortunately, OSHPD
asks that hospitals report on productive hours (excluding vacation, leave, etc.), making it
possible to calculate productive hours per patient day (PHPD). Even this measure has at
least six problems, however.

First, the denominator (number of patient days) is reported by hospitals as the sum
(over the number of days in a period) of the number of patients in the hospital at a given
time each day (typically midnight). In other words, the average patient day is assumed to
be 24 hours. For any given hospital, this may or may not be true. Assuming a standard
census time of midnight, hospitals that tend to admit patients very soon after midnight
(e.g., through the emergency room) and discharge them early the next day (or the day
after, or the day after that) will appear to have a lower daily census (and thus incur fewer
patient days) than hospitals that admit patients late in the afternoon or evening (just
before the census is taken). All else equal, such hospitals would appear to have ncher
nurse-to-patient ratios than is actually the case.

Second, not all “productive nursing hours” are necessarily spent at the bedside.
At some hospitals, nurses may be engaged in other activities such as continuing
professional education, classroom teaching, bedside instruction of student nurses, quality
assurance or management activities. Thus, PHPD are likely to over-estimate the amount
of actual bedside care, and the magnitude of the discrepancy may vary from hospital to
hospital.

Third, the additional work required to admit and discharge patients is not captured
by PHPD. Previous studies have shown that medical resource use is greatest during the
first few days of hospitalization.[3] Thus, two hospitals with the same daily census — one
with high patient turnover and one with low turnover — could experience very different
staffing demands.

Fourth, not all patient days are alike. Patients differ iri terms of severity of illness,
acuity, and care requirements. The PHPD metric does not adjust for patient severity. We
made a crude attempt to adjust for patient severity using DRGs. However, DRGs are
designed to capture the resource demands of hospital admissions, not hospital days. For
this reason, DRG-adjusted estimates can only be used for relative comparisons among
different type of hospitals, not for absolute estimates of patient-to-nurse ratios. For the
sake of simplicity, the estimates reported herein are not DRG-adjusted.

Fifth, not all nurses are alike. Even if nursing care hours are broken down into
categories based on length and type of training (RN, LVN, aide), not all nurses are
equally trained or qualified to perform specific tasks on specific nursing units. Thus, an
RN assigned to the obstetrics unit may not be capable of performing at the same level of
competence when floated to a cardiac telemetry unit. Similarly, hospitals that rely
heavily on registry nurses may not obtam the same level of work output from an 8 or 12
hour nursing shift.
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Finally, PHPD reflects average staffing across a 24 hour period and does not
portray fluctuations due to day/night scheduling patterns, absenteeism, and other
circumstances (both foreseen and unforeseen). In other words, the average hospital with
an estimated patient-to-nurse ratio of 5:1 probably has a lower ratio about 50% of the
time, and a higher ratio about 50% of the time.

Despite these difficulties, PHPD is the best available metric for estimating current
nurse staffing levels in California using administrative data. PHPD can be converted to a
nurse-to-patient ratio by dividing into 24 hours. To remind the reader of the pitfalls
involved in a direct conversion, we generally report staffing levels as PHPD. For the
reader’s convenience, we frequently provide nurse-to-patient ratios as well.

Categories of Nurses

AB 394 refers specifically to licensed nurses, which includes registered nurses,
licensed vocational nurses, and licensed psychiatric technicians. The OSHPD Hospital
Disclosure Reports contain information on productive hours supplied by (1) registered
nurses, (2) licensed vocational nurses, and (3) aides and orderlies, stratified by hospital
unit. We report separately on productive hours by (1) licensed nurses (RNs plus LVNs);
(2) registered nurses; (3) licensed vocational nurses; (4) aides and orderlies; and (5) all
nurses combined. We report on aides and orderlies even though they are not mentioned
by AB 394 because nurses and aides/orderlies can substitute for each other for certain
selected tasks. Contract and registry nurses were excluded from all calculations because
there was no differentiation for skill mix (RNs vs. LVNs).

Categories of Hospitals

Certain kinds of hospitals are not required to provide complete financial data to
OSHPD and were therefore excluded from our analysis. These include state
developmental hospitals, Shriner’s hospitals, Kaiser hospitals, and prison hospitals.

Among the remaining hospitals (n=406), 346 were general acute care hospitals,
47 were psychiatric hospitals, 7 were chiidrén’s hospitals, and 6 were OSHPD-defined
specialty hospitals. We created categories of hospitals according to ownership status, bed
size, teaching status, urban-rural location, and geographic region. Details are provided
below.

Ownership status was represented by six categories: nonprofit corporation
(n=163), church-related (n=43), district (n=41), University of California (n=7), for-profit
(n=127), and local government (n=25).

Hospital size was represented by four categories based on the number of staffed
beds: <50 (n=74), 50-99 (n=92), 100-299 (n=183), and 300 or more (n=57).

Teaching status was represented by three categories: academic medical centers
(n=12), other teaching hospitals (n=24), and non-teaching hospitals (n=370). AMCs
were defined as a major, geographically contiguous teaching affiliate of one of
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California’s 8 allopathic medical schools. Other teaching hospitals were as designated by
OSHPD.

Urban-rural status was represented as urban (n=340) or rural (n=66), based on
the statutory definition of rural hospitals in Section 124840 of the California Health and
Safety Code, which was in turn based largely on a 1982 analysis of California hospitals
by OSHPD’s predecessor agency. g -

Geographic region was represented by one of 14 Health Services Areas
designated by OSHPD: Central, East Bay, Golden Empire, Inland Counties, Los Angeles
County, Mid-Coast, North Bay, North San Joaquin, Northern California, Orange County,
San Diego/Imperial, Santa Barbara/Ventura, Santa Clara, and West Bay.

Wage Rates Used to Calculate Projected Costs

Wage rates for different categories of nurses in different cost centers (nursing
units) were obtained from OSHPD (Hospital Annual Financial Report, p. 21: Detail of
Direct Payroll Costs: Patient Revenue Producing Centers).

Data Management and OSPHD Data Utilization Decisions

The list below describes the data management process as well as the rules and
assumptions used to create the analytic tables for this report:

1. A Microsoft SQL Server (version 7.0) was created on a Compaq Presario 5020.
Log files were partitioned on the 8-Gigabyte internal system drive and the
database data files were partitioned on the 60-Gigabyte external hard drive.

2. Erwin 3.2 (from Platinum Technologies — a subsidiary of Computer Associates
International, Inc) was used to design a fully normalized relational database. The
database was designed in accord with the data specifications set forth in the
OSHPD document entitled “HOSPITAL ANNUAL DISCLOSURE REPORT
CD-ROM FORMAT DOCUMENTATION?” for the 23™ and 24" year of the
OSHPD program (1997-1998 and 1998-99).

3. A series of handling programs was created in ActivePerl 5.6.0.623 (PERL for
Windows 32 bit environments from ActiveState Corp). These programs (handlers)
were used to preprocess the fixed length format ASCII data files. The handlers
were each customized to reformat a unique page of the OSHPD data from the 23"
“HOSPITAL ANNUAL DISCLOSURE REPORT” according to the above
OSHPD documentation guide. The programs also corrected for some minor
inconsistencies in the documentation and some unusual treatments of the fixed
length data on CD-ROM. These were as follows:

a. Page 8 contained an undocumented line number 56 which was corrected
for in the handler.

b. Page 4.1(1) contained an undocumented line number 101 (representing
cost center: Sub Acute Pediatrics) which was corrected for in the handler.

This same line number was accounted for in the handlers for pages 9, 12,
21 and 21.1.
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c. Page 21 had ASCII data stored in an ‘A’ and a ‘B’ section. Section ‘A’
represented the Disclosure Report pages 21(1) — 21(5) and section ‘B’
represented pages 21(6)-21(10). The sections were treated separately and
imported to the database independently (see #9).

4. The result sets from the PERL handlers were stored by page in ASCII comma
delimited files (also referred to as CSV files in the Microsoft Excel program).
They were then verified against the original ASCII fixed length format files on
the OSHPD CD-ROM for accuracy and completeness.

5. The CSV files were imported into the SQL Server database using standard
Microsoft bep.exe (bulkcopy) routines.

6. A copy of the bulkcopy routines was kept along with the PERL files for review.

7. The imported data were verified against the original ASCII fixed length format
files on the OSHPD CD-ROM for accuracy and completeness.

8. All hospital and cost center data were imported for integrity, checksums, and
accurate cross-checking. No data items were excluded. OSHPD totals were also
imported for verification and due diligence. '

9. The Microsoft SQL Server console for the Microsoft Enterprise Manager was
used to create a series of interdependent data Views. These Views are virtual
tables of data, which are reformatted and restricted to display only the specified
data for analysis (see attached diagram). This ensures that the complete data set
remains on the system for integrity of the data set.

10. A View of selected start dates was created using the following rationale. Hospitals
that submitted more than one report for a given OSHPD period were submitted to
an algorithm to determine the most useful date of submission. Only that
submission was used for analysis. There were no facilities that submitted more
than two reports. The algorithm to determine the appropriate period considered
the following:

a. If the length of the first period and the length of the second period (in
days) were similar, the more recent period was used. The length of the
periods were considered similar if the ratio of the shorter period to the
longer period was greater than or equal to 0.9.

b. If the ratio was less than 0.9, the longer period was used.

.~ 11, OSPHD pages 21A and 21B (see above #3) contained similar but different data
formats that were concatenated in a union view and treated as a full set. 21A was
stored in units of patient days (by census) and 21B was stored in various units

(Visits for Emergency Department, Births for Labor and Delivery).

Analytic Approach

For each collection of OSHPD cost centers corresponding to an AB 394-
designated hospital unit, we calculated the mean, standard deviation, and percentiles of
the distribution of productive hours per patient day (PHPD). The analysis was repeated
for: (1) all licensed nurses; (2) RNs only; (3) LVNSs only; (4) aides and orderlies only;
and (5) all nurses and support personnel combined (categories 1-4, above). PHPD were
calculated for each hospital unit within each hospital as the sum of productive hours for
that unit in the period of interest divided by the sum of the daily census in that unit during
that period. For each unit, we also estimated the average number of patients per nurse
(nurse-to-patient ratio) by dividing PHPD into 24 (i.e., average patients per nurse =
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24/PHPD).

Two exceptions to this general algorithm involved labor and delivery (L&D) units
and emergency departments (EDs). For L&D units, we calculated productive hours per
delivery, because no other measure of patient care activity was available for these units.
For EDs, we calculated productive hours per patient discharge (ED visit), because no
other measure of patient care activity was available for these units. However, we
ultimately decided not to report these estimates because the mean length of stay in the ED
is likely to vary widely across hospitals. For example, the patient-to-nurse ratio in an ED
that sees 24 patients per day with 3 nurses (one per 8-hour shift) could be as low as 1:1 if
each patient stays one hour or as high as 8:1 if each patient stays 8 hours. In the absence
of any information about the mean length of stay of ED patients, productive hours per ED
discharge was judged not to be a useful metric. No statistics were calculated for nursery
units because these units lacked any census data.

Outliers were assessed and treated as depicted in the text table below. The
general principle was to exclude hospitals from specific analyses when the data reported
seemed so extreme as to almost surely represent a mistake in data collection or reporting.
For example, in general medical care units (categorized under “all other units” in the
table), we excluded hospitals that reported fewer than 0.5 or greater than 24 productive
RN hours per patient day. Thus, if a general medical care unit reported average

registered nurse-to-patient ratios leaner than 1:48 or richer than 1:1, they were excluded
from subsequent analyses.

Staff Type AB 394 Unit Nurse Hours per Patient Day
calculation must meet the following
criteria :
RN (Registered Nurses) Critical Care 4-24
Labor and Delivery 2-48 (per delivery)
All Other Units 524

LVN (Licensed Vocational Nurses) Critical Care 0-24
Labor and Delivery 0-48 (per delivery)
All Other Units 0-12

Aides and Orderlies Critical Care 0-12
Labor and Delivery 0-48 (per delivery)
All Other Units 0-12

Licensed Nurses (RN + LVN) Critical Care 4-24
Labor and Delivery 4-48 (per delivery)
All Other Units 1-24

All Nursing Staff (RN + LVN + Aides and Critical Care 4-48

Orderlies)

Labor and Delivery
All Other Units

4-48 (per delivery)
1-24

In this report, we consider the entire population of California hospitals reporting
financial data to OSHPD. We do not make inferences to any larger population.
Therefore, we do not report the results of any inferential statistical tests in this report.
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RESULTS

Analysis Across All California Hospitals

Tables 3-6 give estimates of productive nursing care hours per patient day (and
corresponding mean patient-to-nurse ratios) for all California acute care and psychiatric
hospitals reporting complete financial data to OSHPD for the 1998-99 reporting period
(i.e., Kaiser, Shriner’s, State and Federal hospitals, long term care facilities, and
alternative birthing centers are excluded).

In Table 3, we report data for licensed nursing staff (RNs plus LVNs). Mean
productive RN/LVN staffing ranged from a mean of 14.8 hours per patient day in critical
care units to 3.6 hours in psychiatric units within psychiatric hospitals. Several specific
results are worth noting. First, licensed nursing staff levels in critical care units are about
what might be expected (1 nurse to approximately 1.63 patients) and are in accordance
with Title 22 of the California Code of Regulations (which mandates a minimum ratio of
1:2 in critical care units). Second, other units in which one would expect to find richer
staffing (e.g., step down/telemetry, pediatrics, labor and delivery) tended to have richer
staffing. This speaks indirectly to the validity of the data and analysis. Third, the median
estimated ratio for general medical care units was about 1 nurse to 5 patients with an
interquartile range extending from 1:5.6 to 1:4.1. That is, most general medical care
(medicine/surgery) units have average licensed nurse staffing ratios falling somewhere
between 1:4 and 1:6. However, examination of the 5™ and 95" percentiles reveals that up
to 5 percent of hospitals may have med/surg staffing ratios as rich as 1:2.67 (i.e. more
than 1 nurse to 3 patients, on average) while another 5 percent of hospitals may have
ratios as lean as 1:7.6 (i.e. less than 1 nurse to 7 patients). Thus, California hospitals
appear to exhibit considerable variation in their average licensed nurse staffing levels.

Tables 4 through 7 provide data on registered nurses (Table 4), licensed
vocational nurses (LVNSs) (Table 5), aides and orderlies (Table 6), and all nurses
combined (Table 7). There is about 1 registered nurse per 3 patients on pediatrics, per 4
patients in step down/telemetry units, and per 5 patients on general medical care
(med/surg) units (Table 4). T

On average, most hospital units employed about 1 productive hour of LVN time
per patient day (Table 5). The exception is subacute care units, which employ about 2.4
hours of LVN time per patient day. There is more variation across hospitals in the use of
LVNs than in the use of RNs. This can be seen by comparing the coefficients of
variation (CV, defined as the standard deviation divided by the mean) in Table 5
compared to Table 4. CVs for registered nurses are on the order of 4 to %2, whereas for
licensed vocational nurses they are in the range of 1 to 2.

Aides and orderlies typically outnumber LVNSs in most units (Table 6). They are
employed to a greater extent in subacute care units (mean PHPD, 3.51) and psychiatric
units (mean PHPD, 2.3 for psych units in acute care hospitals and 3.0 in psychiatric
hospitals) than in general medical care units (2.2) or pediatric units (1.5) (Table 6).
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Table 7 is at the same time both reassuring and cautionary. On the one hand,
keeping certain caveats in mind, the average patient in a California hospital receives
something short of 5.7 hours (psychiatric units in acute care hospitals) to 15.0 hours
(critical care units) of nursing care per 24 hour hospital stay.” Med/surg patients receive
an average of 7.4 hours of care, which is roughly equivalent to 1 caregiver per 3.24
patients. The important caveats are that these are average figures, that the calculated
nursing hours do not necessarily represent bedside care, and that the skill mix of the
providers rendering the care may vary substantially (from an all RN workforce at some

hospitals to a team model employing many aides supervised by a single RN at other
hospitals).

Skill Mix

Figures 1 through 5 depict the proportion of productive hours supplied by RN,
LVNs, and aides/orderlies in eight different types of nursing units. As expected, critical
care units have the richest skill mix (92% RNs), followed by labor and delivery units
(91%), pediatric units (76%), step down/telemetry units (66%), general medical care units
(60%), and psychiatric units within acute care hospitals (Figures 1-5). Psychiatric units
within psychiatric hospitals and subacute care units are staffed primarily (>50%) with
LVNs, aides and orderlies (Figure 5).

Stratified Analysis

Tables 8-12 focus on mean productive licensed nursing hours (RNs and LVNs
only), looking across different categories of hospitals. We emphasize licensed nursing
hours since AB 394 pertains to licensed nurses. Mean PHPD and their standard
deviations are given for each hospital stratum.

Table 8 examines the relationship between licensed nurse PHPD and hospital bed
size. For most hospital units, staffing is richer within smaller hospitals (<50 beds). For
example, in general medical care (med/surg) units, mean unadjusted hours per 24-hour
patient day was 5.0 in large hospitals and 7.6 in small hospitals. This finding is
consistent with the observation that small hospitals must maintain a certain minimum
cadre of nurses on the floor at all times regardless of patient census, both to provide for
current needs (even if there is only 1 patient on the floor, that patient still needs a nurse)
and acute fluctuations (emergency admissions). However, there were some notable
exceptions to this general trend: compared to larger hospitals, small hospitals had leaner
ratios in pediatrics and equivalent ratios (expressed as productive nursing hours per
delivery) in labor and delivery units (Table 8). In the case of pediatrics, small hospitals
are likely to have less severe casemix (because sicker patients are transferred to specialty
or teaching hospitals), and seem less likely to have dedicated (“24/7”) pediatrics units
with separate staffing. In the case of obstetrics, the consistency of staffing levels across
hospital strata is remarkable (about 18 productive nursing hours per delivery at all
hospital types). In addition, there is relatively little variation within strata (coefficients of
variation, ~8/18=0.44), ‘

* The reason patients receive “something short of” 5.7-15.0 hours of care is that PHPD do not necessarily
reflect time at the bedside.
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Table 9 examines nurse staffing ratios among hospitals by teaching status.
Academic medical centers tend to have richer staffing ratios than either other teaching
hospitals or non-teaching hospitals. This may be related to the more complex mix of
patients associated with academic centers. Surprisingly, teaching hospitals other than
AMC:s had leaner nurse staffing ratios than non-teaching hospitals (at least on general
medical care, pediatrics, acute obstetrics, and psychiatric units). One possible
explanation is that “other teaching” hospitals use physician trainees to perform some of
the work (e.g., intravenous line starts, blood cultures) otherwise assigned to nurses.

The pattern of results in Table 10 (urban vs. rural hospitals) is very similar to that
observed in Table 8 (hospital bed size). Like small hospitals, rural hospitals tend to have
richer med/surg ratios and leaner pediatric ratios.

Table 11 indicates that for-profit hospitals generally have leaner ratios than non-
profit hospitals, especially on medical-surgical and psychiatric units.

Table 12 and Figure 7 show considerable geographic variation. Focusing on the
medical-surgical unit results, the leanest staffing levels are found in Los Angeles,
Orange, and Santa Clara Health Services Areas, while the richest are found in rural
Northern California and the West (SF) Bay.

Projected AB 394 Effects
Proportion of hospitals in deficit

As noted earlier, the Department of Health Services is considering staffing
proposals from several stakeholder organizations (Table 2). We calculated the
percentage of hospitals that would be in “substantial deficit” relative to these proposals
for general medical care units, definitive observation (step down/telemetry) units,
pediatric units, psychiatry units in acute care hospitals, psychiatry units in psychiatric
hospitals, and subacute care units. A nursing unit (OSHPD cost center) was considered
to be in substantial deficit if the number of productive hours of licensed nursing care per
patient day was more than 5% lower than the standard created by a specific
organizational proposal (Table 13). For example, in the original version of AB 394, a 1:6
ratio was suggested for general medical care (“med/surg”) units. Taking into
consideration all the caveats presented earlier, a 1:6 ratio is roughly equivalent to 4.0

- productive hours per patient day. Thus, if a unit reported fewer than .95*4.0=3.8 PHPD,

it was considered in deficit with respect to the standards of the original version of AB
394. Sixteen percent of general medical care cost centers in California were in deficit
when judged by this standard (Table 3).

The results displayed in Table 13 can be summarized as follows. First, under the
arguably lean ratios proposed by the California Hospital Association (CHA), relatively
few hospitals (0 to 5 percent) would be considered in substantial deficit. Second, under
the correspondingly rich ratio standards proposed by the California Nurses Association,
many if not most hospitals (48 to 93 percent) would be in deficit. Third, if CDHS
imposed standards based on the actual standards now in use by the University of
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California, about 1 in 6 California hospitals would fall below the standard for med/surg
(general medical care), about 1 in 12 for pediatrics, and 1 in 20 for step down/telemetry
(definitive observation) (Table 13).

Number of deficit hours and deficit FTE

We next estimated the number of additional productive nursing hours required to
make up the deficits associated with each of the AB 394-related staffing proposals. For
each cost center (unit type) within each hospital, we compared that cost center’s actual
number of productive licensed nursing hours per patient day with the number that would
be required to meet the standard proposed by a particular stakeholder organization. For
example, if a hospital reported 1000 patient days and 4000 productive licensed nursing
hours in its general medical care cost center, that would correspond to a nurse:patient
ratio of 1:6. Thus, that hospital would have no deficit relative to the original AB 394
proposal (1:6) but would be in significant deficit with respect to the revised CNA
proposal (1:3). In fact, the hospital would be exactly 4000 hours in deficit (a ratio of 1:3
corresponds to 8 PHPD or 8000 hours in our hypothetical hospital; 8000-4000=4000).
This analysis assumes no fungibility — that is, a surplus in one patient care area cannot be
used to make up a deficit in another.

The results show that the number of productive hours needed to make up the
estimated deficits varies enormously across proposals and units (Table 14). For example,
general medical care units would need to purchase an additional 9.49 million productive
licensed nursing hours to come into compliance, on average, with the standards
promulgated in the revised CNA proposal (Table 14). On the other hand, under the CHA
proposal certain units (step down/telemetry units, acute psychiatric units, and subacute
care units) would experience no deficit at all. As before, this analysis assumes no
- fungibility; i.e., surplus hours in one patient care area cannot be used to make up for
deficits in another. While this assumption is fundamentally conservative, we believe it is
sound because hospitals are unlikely to be significantly overstaffed relative to acuity
(except perhaps in small or rural hospitals, where some units must be staffed even if there
are no patients).

By dividing the estimated deficits (in hours) by the number of productive hours in
a year (.85*2000=1700 hours), we generated estimates of the number of licensed nurse
FTE required to come into compliance with the various proposals. The results (Table 15)
show that non-Kaiser hospitals in California would have to hire between 74 and 5586
medical/surgical (general medical care) nurses, between 0 and 782 step down/telemetry
nurses, and between 3 and 150 pediatric nurses to meet the standards of the various
proposals — at least on average (Table 15). We continue to assume no fungibility (an
assumption that might lead to over-estimation of the number of nursing hours hospitals
would need to purchase) but we also assume that nurses can be hired in fractional units.
In fact, many of the estimated deficits amount to less than one nurse FTE on a hospital
unit. This assumption may not always be valid — in some markets, nursing registries may
not be available and/or nurses may only be willing to work in full-time positions. We
also assume that hospitals will increase their average staffing up to the average level
required by CDHS, despite the fact that AB 394 actually stipulates minimum staffing
levels. A hospital that maintains average staffing at the required level will find itself
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above the mandated patient-to-nurse ratio for a substantial portion of every day, week, or
month. We have no way to estimate the additional number of FTEs that would be
necessary to maintain staffing above the proposed required levels 24 hours per day, 365
days per year. '

Projected costs of remediation

We estimated the costs hospitals might incur in correcting nursing deficits under
various standards by multiplying, for each unit (i.e., general medical care, pediatrics, etc.)
within each hospital, that unit’s deficit of productive licensed nursing hours times the
“average unit-specific prevailing wage” (AUPW). This is the average of the wages paid
to RNs and LVNs on that unit, weighted by the proportion of productive hours
contributed by each type of nurse. An example is shown in the box below. This
calculation involved making the following assumptions:

o We assume that hospitals will make up any deficit of licensed nursing
hours by maintaining the same skill mix (i.e., ratio of RNs to LVNs) that
they currently use. This assumption may be in error because hospitals will
have strong incentives to use less costly personnel (LVNs).

e We assume that the cost of marginal nursing hours is the same as the cost
of average nursing hours, for each unit within each hospital. This
assumption violates microeconomic principles. Even if hospitals use less
skilled personnel to provide marginal nursing hours, they will probably
need to spend more to attract these personnel into their communities, or
into the labor force at all. They may also need to rely more heavily on

ﬁ registry personnel, who typically cost more than staff nurses because of
their relative inefficiency and agency-associated overhead costs.

o We assume that AB 394 will have no effect on nursing wages in
California. If] in fact, there is a nursing shortage in California, then
prevailing wages are likely to increase as hospitals compete for a limited
pool of available nurses.

e We ignore all costs associated with recruiting, hiring, training,
supervising, and managing these additional nurses.

e Because of data limitations, we ignore any deficits in emergency
departments, labor and delivery units, or specialty units within acute care
hospitals.

EXAMPLE of PROJECTED COST CALCUATIONS
“Golden State Hospital”
Number of patient days in general medical care units 1998-99: 1000
Number of licensed nursing hours 1998-99: 4000
Average nurse-to-patient ratio: 1:6
Number hours required to meet CNA standard (1:3): 8000
Number of hours in deficit: 4000
Average hourly wages and benefits of RNs working on med/surg units at this hospital: $45
Average wages and benefits of LVNs working on med/surg units at this hospital: $25
Number of RN hours 1998-99: 3000
ﬂ Number of LVN hours 1998-99: 1000
! Weighted average wage (AUPW): 3000*45 + 1000*25 / 4000 = $40
Projected cost to make up deficit: 4000*$40= $160,000
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Unadjusted projected costs of redressing deficits of licensed nursing hours range
from $0 (Step Down/Telemetry, Psychiatric Hospital, and Subacute Care units under the
CHA proposal) to $488,600,000 (General Medical Care units under the CNA proposal)
(Table 16a). These costs were calculated under the assumption of complete non-
fungibility, which may not be valid if hospitals can manage to move nursing budgetary
dollars from units that are staffed more richly than the regulations require to units that are
under-staffed. In addition, we provide 2000-2001 wage-adjusted projected costs, based
on the assumption that hospitals would have to hire staff in full time equivalents and that -
compensation for these additional FTEs would vary according to the skill mix reported
for each unit (Table 16b). We adjusted these numbers down a bit, following the work of
Lichtig [1] and Needleman [2], assuming that each additional hour of nurse staffing per
patient day would shorten mean length of stay by an estimated 5.1% for acute care
patients. This percentage is the mean of the reduced length of stay reported in Lichtig for
California in 1992 (4.8%) and 1994 (5.4%), and corresponds to the mean of the reduced
length of stay for medical (9%) and surgical units (1%) reported in Needleman. We
found no evidence of such an effect for psychiatric or subacute patients, and therefore did
not adjust projected costs in those categories.

To assess the impact of our assumptions, we performed a sensitivity analysis that
allowed hospitals to move nursing dollars (and presumably nurses) from: 1) critical care
units to general medical care units; 2) critical care units to telemetry units; 3) telemetry
units to general medical care units; and 4) general medical care units to telemetry units.
In general, the results showed that hospitals could save up to a third of projected costs by
performing such switches (data not shown in main table series; see Appendix 2 for
details).

The projected financial impact on hospitals that are redressing deficits is likely to
be understated by our calculations. Hiring additional nurses imposes transaction costs on
hospitals that must advertise, review applications, interview applicants and otherwise
incur costs of adding nurses to existing staff. In addition to these transaction costs,
hospitals will likely incur additional indirect nursing costs, such as supervision, employee
record maintenance, payroll processing, and human resources management. These
transaction costs and indirect costs might add substantially to our calculations of
additional nursing costs. '

Our analysis assumes that hospitals will be equally efficient in using nursing
resources after redressing nursing deficits as they were in the reporting period that is the
basis for our data collection. It is possible, perhaps even likely, that hospitals will be less
efficient after hiring additional nurses. The notion of constrained optimization from
economics predicts that the imposition of a new constraint on a system (e.g., AB 394)
will not lead to a more efficient allocation of resources than before the constraint was
imposed, and possibly the constraint will lead to a less efficient allocation of resources.
If the new constraints lead to a less efficient allocation of nursing resources to patient
care, then our calculations of the increased cost of redressing nursing deficits will
understate the actual increased cost.
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SUMMARY AND CONCLUSIONS

In summary, we conducted an analysis of Hospital Financial Disclosure data supplied
by the California Office of Statewide Health Planning and Development. The results
support the following conclusions:

1.

The data indicate that average nurse staffing in California is roughly what might
be expected: between 1:1 and 1:2 in critical care units; somewhat leaner than 1:4
in general medical care units and a bit richer in telemetry units; richer than 1:3 in
pediatric units; and leaner than 1:5 in subacute care units and psychiatric units
within specialized psychiatric hospitals.

There is considerable variation among hospitals in terms of staffing. The inter-
quartlle range (difference between hospitals in the 25 percentile and those in the
75% percentile) for general medical care units is 4.3 to 5.9 PHPD, which translates
roughly into ratios of 1:4 to almost 1:6.

. A good deal of care must be taken in interpreting these figures. Productive

nursing hours do not translate readily into nurse-to-patient ratios.

Nurse staffing levels in California vary by hospital bed size, teaching status,
urban-rural status, hospital ownership, and geography. Smaller and rural
hospitals must staff at higher levels to meet contingencies. Academic Medical
Centers have richer staffing, perhaps to deal with more complex patients. For-
profit hospitals staff more frugally than non-profit hospitals. Hospitals in Los
Angeles, Orange, and Santa Clara Counties appear to have leaner staffing ratios
than other geographic areas in the state.

. The staffing proposals submitted by AB 394 stakeholders vary widely and have

tremendously different implications for the proportion of hospitals in deficit, the
number of nursing FTEs required to make up the deficits, and the costs of
redressing the deficits. At one extreme, the proposal by the California Nurses
Association to staff general medical units at 1:3 would place 92% of non-Kaiser
hospitals in deficit and require 5586 licensed nurses, costing $279.9 million to
redress deficiencies. At the other extreme, the 1:10 proposal by the California
Hospital Association would place only 4% of hospitals in deficit and require a
mere 74 nurses ($3.7 million) to make it up.

These projections depend on a variety of assumptions that are subject to debate.
The most important assumptions are that productive hours can be translated into
nurse-to-patient ratios, that average staffing levels approximate minimum staffing
levels, that “fractional nurses™ are available for purchase at current (average)
wage rates, and that nurses are non-fungible across units because no units are
currently “over-staffed.”

. These findings have considerable implications for the implementation of AB 394

regulations.
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Table 1. Excerpts from AB 394.

“This bill would require the department, with regard to general acute care
hospitals, acute psychiatric hospitals, and special hospitals, to adopt regulations
that establish certain minimum nurse-to-patient ratios, and would require these
health facilities to adopt written policies and procedures for training and
orientation of nursing staff.”

“....the State Department of Health Services shall adopt regulations that establish
minimum, specific, and numerical licensed nurse-to-patient ratios by licensed
nurse classification and by hospital unit for all health facilities licensed pursuant
to subdivision (a), (b), or (f) of Section 1250.....The department shall review
these regulations five years after adoption and shall report to the Legislature
regarding any proposed changes....As used in this subdivision, “hospital unit”
means a critical care unit, burn unit, labor and delivery room, postanesthesia
service area, emergency department, operating room, pediatric unit, step-
down/intermediate care unit, specialty care unit, telemetry unit, general medical
care unit, subacute care unit, and transitional inpatient care unit.”

“These ratios shall constitute the minimum number of registered and licensed
nurses that shall be allocated. Additional staff shall be assigned in accordance

with a documented patient classification system....”

“The regulations adopted by the department shall augment and not replace

_ existing nurse-to-patient ratios that exist in regulation or law for intensive care

units, the neonatal intensive care units, or the operating room....nor existing
licensed staff-to-patient ratios for hospitals operated by the State Department of
Mental Health.”
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Table 2. Proposed AB 394 nurse staffing levels.

. Original " UcC
Unit Type AB394 C.N.A. SEIU UNAC Hospitals C.H.A. CDHS**
Critical Care, ’
Burn, and 1:2 1:2 1:2 1:2 1:2 1:2 -
Neonatal ICU
Labor & 1:2 L&D only
Delivery 12 1:2 1:2 1:2 13 13 1:6 Postpartum only
, 1:3 Comb.
L&D/Postpartum
Post . . 1:2 adult, | .. ) . .
Anesthesia 1:2 1:2 1:1 peds 1:2 1:3 1:3 1:2
Emergency 1:4
Department 1:2 1:3 1:3 1:3 1:3 | 1:3
1:2
Operating . . IRN +1 . . .
Room 1:1 1:1 LVN/tech 1:1 1:1 1:1 ---
Pediatric Unit | 1:3 1:3 1:3 1:3 1:5 1:6 1:3
Step Down/ 1:4 Stepdown Only
Intermediate 1:3 1:3 1:3 1:3 1:4 1:6 1:4 Comb.
Care Stepdown/Telemetry
Specialty Care | . . .
Unit _ 1:4 1:3 - 1:3 - - see Oncology
Telemetry . . i ) 1:6 days, . .
Unit 1:4 1:3 1:3 1:3 117 nights 1:10 1:5 Telemetry Only
Oncology Unit | . . 1:6 days, . 1.
1:4 - - 1:4 117 nights 1:10 Oncology: 1:5
General 1:6, Medical Only,
Medical Unit 1:6 davs Surgical Only, and
1:6 1:3 1:4 1:4 I 'th 1:10 Combined
-/ mghts Medical/Surgical.
1:5 on 07/01/04
Subacute/
Transitional 1:6 1:4 1:5 1:5 - 1:12 i
Care
Psychiatric | _ 1:4 1:3 1:5 Age |1 1:6
Unit specific

* Issued March 12, 2001. To be counted in ratios, LVN’s must be supervised by a resource RN
in a ratio of 1 RN:3 LVNs on wards and 1:1 in ICUs.
**Updated, January 2002
***Commencing January 1, 2002, the nurse to patient ratio in a Subacute unit and a Transitional
program in a general acute care hospital shall, at a minimum, meet the staffing requirements
contained in the Subacute and Transitional inpatient care contracts between the Medi-Cal
program and the general acute care hospital
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Figure 1.

Skill Mix By Unit Type:
Critical Care
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Figure 2.

Skill Mix By Unit Type:
Labor & Delivery and Pediatric
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Figure 3.

Skill Mix By Unit Type:
OB Acute

Aids/

LVNs
C 11%

Hospital Nurse Staffing and Quality of Care
Empirical Analysis of OSHPD Data



Figure 4.

Skill Mix By Unit Type:
Gen Med Care and Step-down/Tele

Gen Med
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Figure 5.

Skill Mix By Unit Type:
Psychiatric Units in ACHs
and Psychiatric Hospital Units
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Figure 6.

Skill Mix By Unit Type:
Sub-Acute Care
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Table 13. Proportion of nursing units (hospital cost centers) projected in
“substantial deficit” under various AB 394 proposals.

Unit Type ?Ar]‘;g;gjl CHA CNA SEIU (agfal) UNAC
Gen Med Care 16% 4% 92% 76% 16% 76%
Definitive 46 0 75 75 5 75
Observation
Pediatrics 48 5 48 48 8 48
Psychiatry units | -- 0 77 92 - 57
in acute care
hospitals
Psychiatry units | -- 4 93 96 - 85
in psychiatric
hospitals
Subacute care 24 0 90 79 -- 79

Hospital Nurse Staffing and Quality of Care . 10 -34
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Table 14. Number of additional productive licensed nursing hours needed
to make up deficits under various AB 394 proposals.

Unit Type Original CHA CNA SEIU UcC UNAC
AB 394 (actual)

Gen Med Care | 781,710 198,197 16,952,999 | 6,433,982 | 781,710 6,433,982

StepDown/ | 565 531 | 2,068,763 | 2,068,763 | 36,187 2,068,763

Telemetry™*

Pediatrics 364,231 6,762 364,231 364,231 16,512 364,231

Psychiatry units

in acute care - 0 1,450,503 | 2,913,548 | -- 685,137

hospitals

Psychiatry units

in psychiatric - 498 1,318,393 | 2,318,915 | -- 748,863

hospitals

Subacute care 75,489 0 646,535 261,456 - 261,456

* When separate step down and telemetry standards were specified, the (usually leaner) telemetry

ratio was used for the calculation. OSHPD data do not distinguish between step down and

telemetry; both are assigned to the “definitive observation” cost center.

Hospital Nurse Staffing and Quality of Care
Empirical Analysis of OSHPD Data

I - 35




Table 15. Number of licensed nurse FTEs needed to make up deficits in

productive hours under various AB 394 proposals.”

Unit Type Original CHA CNA SEIU ucC UNAC
AB 394 (actual)

Gen Med Care | 460 117 9,973 3,785 460 3,785

?tep Down/" 333 0 1217 1217 2 1217
elemetry _

Pediatrics 215 4 215 215 10 215

Psychiatry units

in acute care -- 0 854 1,714 -- 404

hospitals

Psychiatry units

in psychiatric -- 1 776 1,365 -- 441

hospitals

Subacute care 45 0 381 154 -- 154

* Notes: 1) Number FTEs calculated by dividing deficit (in hours) by productive hours in a year

(.85*2000=1700). 2) When separate step down and telemetry standards were specified, the
(usually leaner) telemetry standard was applied.
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EXPERT PANEL PROCESS

Margaret Hodge, RN, EdD; Valerie Olson; Steven Asch, MD, MPH; Mary Jane Sauvé, RN, DNSc;
Richard L. Kravitz, MD, MSPH

Nursing is both a science and an art:
its most important contributions are intangible.[1]

INTRODUCTION: SELECTION AND DEVELOPMENT OF NURSE-SENSITIVE
INDICATORS

Nursing is a critical factor in determining the quality of care in hospitals and the nature of
patient outcomes.[2] In the early 1990°s, concerns regarding patient safety and the quality of
patient care became more prevalent as a result of changes in the nursing workforce, leading to an
increased focus on indicators of quality.[3] A variety of efforts to measure the relationship
between nursing interventions, nurse staffing levels, and patient outcomes were designed
according to the specific interests of the private sector (health-plans, providers, etc), public sector
(legislative mandates), and various nursing organizations (ANA, CaINOC). Each of these
sectors has disparate reasons for measuring these outcomes. These reasons include an interest in
evaluating cost-effectiveness as well as identifying differences in quality of care. Thus,
measuring nursing quality of care using nurse-sensitive indicators has grown in importance
within healthcare research and industry.

Outcomes research is advocated as a means for providing information to support
decisions in health care. Traditionally, outcomes are defined as the end result of a process,
treatment, or intervention.[4] While not a new concept, evaluating the outcomes specifically
associated with nursing care is a complex and multi-faceted issue. Ideally nurse-sensitive
indicators should separate the contributions of nursing from those of other disciplines while
meeting research criteria for validity and reliability. [5]

" Analyzing the relationships between nursing interventions, nurse staffing levels, and
patient outcomes is complicated for a number of reasons. One, the value that nursing adds to
patient care is elusive, in large part because nurses coordinate and modify the care previded by

™ others. [1] For example, rates of nosocomial infections are frequently used in measures of

nursing quality and the measures used to assess these rates demonstrate high levels of reliability.
However, holding nurses solely responsible for the development of infection appears
questionable.[5] Second, there is no single source of data available with which to assess patient
outcomes. Administrative data sets, while providing a relatively inexpensive source of data, are
collected for billing or regulatory reporting purposes and may not provide the detail needed to
fully reflect nursing care. Clinical data, obtained for example from chart reviews, would
possibly provide more valid and reliable information but could be prohibitively expensive. [6]
Finally, data on nurse staffing levels is limited, often aggregated at the hospital level, and may
not accurately reflect either the amount or quality of nursing care provided at the unit level.

Despite a growing body of published measurement guides, quality report cards, and
recent work to collect and analyze nursing outcomes data, the ANA points out that there is a
continued lack of definitive data to show the links between nursing interventions, nurse staffing
levels, and patient outcomes.[2] As Brooten and Naylor [7] note, the question becomes what
“nurse dose” is needed to demonstrate an effect on patient outcomes.

HI-1



As noted in Section 1, our systematic review and abstraction of published research
showed evidence of a relationship between nurse staffing and various outcomes, but no support
for a specific nurse to patient ratio. To date, no outcomes with the goal of measuring the effect
of changes in nurse-patient ratios have been identified. In addition, while many of the studies
reported a statistically significant relationship between nurse staffing and patient outcomes,
interpreting the clinical significance of those relationships was difficult at best. Despite these
limitations and oft-cited concerns that connections between outcomes and quality measures are
not well understood [2,5], the outcomes identified in literature on the effects of nurse staffing
may show promise for use in future evaluations on the impact of AB 394. Therefore, the
purpose of this phase of the project was to identify nurse-sensitive indicators with the potential
for use in the evaluation of specified nurse-to-patient ratio regulations.

METHODS

Developing the Panel Process

The modified Delphi expert panel process developed by RAND has been used
historically to determine the appropriateness of specific medical procedures, such as indications
for coronary artery bypass graft. This process then progressed to more general use, for example
in evaluating quality of care or determining the best way to triage patients in the emergency
department. Use of the modified Delphi expert panel process to identify indicators for
evaluating structural predictors of quality, i.e., nurse staffing, is an innovative approach which
has not previously been reported.

In consultation with a RAND researcher who has implemented 14 expert panels, project
staff developed a panelist and moderator selection plan, panel process guidelines, and a list of
indicators potentially sensitive to changes in nurse staffing. The steps of this process included:

1) Construction of indicators using evidence generated in the literature review.

2) Recruitment and selection of moderator and panelists.

3) Pre-rating: review of evidence, addition or changes to indicators or definitions, and
initial anonymous rating.

4) Panel meeting: discussion and revision of definitions and indicators, and execution of
final ratings.

5) Tabulation of results.
Construction of Indicators

Potential indicators were derived from outcomes presented in the evidence tables (see
Section 1, Systematic Review of the Literature, Evidence Tables, pp 30 - 100). Selecting the
relevant indicators to be included was decided: a) by an extensive review of the literature, b) in
consultation with other investigators, and c) based on clinical expertise of the project staff.
Definitions of key terms were developed using the original studies, other relevant literature, and
expertise in medical and clinical concepts. Two institutional outcome indicators not displayed
in the evidence tables (3¢ and 3f) were added. Definitions of turnover, vacancy rates, use of

Hospital Nurse Staffing and Quality of Care -2
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overtime, use of mandatory overtime, and nursing personnel costs were developed after
consulting with a hospital financial administrator.

Each indicator had two components: the definition and a method for obtaining the data.
The outcome was expressed as the incidence or rate of a particular condition or effect, such as
rates of nosocomial urinary tract infections. Methods for obtaining data include use of clinical
data such as that obtained from chart review or use of administrative data such as existing data
sets or administrative reports. Therefore, for each outcome, two indicators could be generated.
For example, a patient outcome of urinary tract infection would lead to the following two
indicators, 1) rates of nosocomial infections, as determined by clinical data, and 2) rates of
nosocomial infections as determined by administrative data. The purpose of including various
definitions as well as methods of data collection was to provide the California Department of
Health Services with a wide range of options for evaluating AB 394.

Panel and Moderator Recruitment and Selection

The AB 394 project team initially met with a researcher from RAND to identify criteria
for selection of the moderator and panelists, determine the size of the expert panel, and establish
the process to be used for rating the indicators. Subsequent meetings were held in which the
process and selection criteria were further refined.

The role of the moderator is critical to the success of the expert panel process. Prior to
selecting the panelists, the project team met to identify potential moderators. Dr. Kathleen
Dracup, Dean of the University of California, San Francisco School of Nursing, was selected
based on her skill at facilitating meetings, expertise in nursing, and stature within the nursing
community.

After careful consideration, the following panelist selection criteria were agreed upon:

1. The panelists selected should represent various geographic regions as well as
hospital types.

2. Every effort would be made to assure clinical diversity, reflecting the nursmg
unit specialties specified in the AB 394 legislation. “

3. A panel of 9 participants would allow for maximum diversity and is one of two
standard panel sizes used for the modified Delphi expert panel process.

In order to limit bias, panelists would be selected from nominees provided by
professional nursing and health care organizations. Organizations contacted for nominees
included the American Nurses Association/California, Peri-anesthesia Nurses Association of
California, Medical-Surgical Nurses Association, The Emergency Nurses Association, and
Society of Pediatric Nurses. Each organization was asked to provide a list of four nominees,
preferably with current clinical practice, administrative experience, and adequate educational
preparation. Project staff selected six clinical nurses, representing a broad range of clinical
expertise (medical-surgical, pediatric, emergency, and peri-anesthesia nursing) and geographic
locations (Northern and Southern California, San Francisco Bay Area, and the Desert Region).
A doctorally prepared nurse researcher was selected based on extensive experience in the area of
nurse staffing and patient outcomes. Finally, of the two hospital executives selected, one was a
nurse and the other a physician. Panelists (Appendix 3: Table A) included representatives of the
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various hospital types including academic medical centers, small rural hospitals, large county

hospitals, private hospitals and a large health maintenance organization.

Pre-rating Materials and Process

The pre-rating process was designed to allow panelists an opportunity to review the

evidence, perform an initial anonymous rating of the indicators, suggest changes to the indicators
or key term definitions, and to submit additional indicators for consideration. Approximately 3
weeks before the meeting, panelists received a packet containing the systematic literature review
and evidence tables, a copy of the AB 394 legislation as chaptered, the ratings forms, a glossary

of key terms, and instructions for the anonymous pre-rating exercise. Pre-ratings forms

contained 70 indicators and 35 concept definitions. The forms were organized according to the
outcome categories established during the literature review: patient outcomes (10 subsections,

55 indicators), employee outcomes (5 indicators), and institutional outcomes (10 indicators).

Before rating the indicators, panelists were instructed to review a draft of the systematic
literature review and evidence tables, carefully examine the strength of the evidence supporting
the choice of each indicator, review the rating dimensions, and consider appropriateness of each

key term definition. The rating dimensions and ratings scale were described for the panelists,

according to the objectives of the indicator selection process:

Figure 1. Ratings Dimensions

Dimension

Definition

Validity:

The extent to which the indicator is a sensitive and
specific measure of the impact of nursing care on
important clinical outcomes. A highly valid indicator
will measure important outcomes that are relatively
sensitive to changes in nurse staffing and relatively
insensitive to other patient, provider, and institutional
factors. A highly invalid indicator is only weakly related
to nursing care, is strongly influenced by other factors
besides nursing care, and/or focuses on unimportant
outcomes.

Feasibility:

The extent to which the indicator can be measured
quickly and economically. A highly feasible indicator is
based on readily available public data. An infeasible
indicator relies on data that would be prohibitively
difficult or expensive to collect.

Overall
suitability:

The extent to which the indicator ought to be considered
for inclusion in the California Department of Health
Services’ final package of AB 394 outcomes indicators.
A highly suitable indicator should be strongly considered
by CDHS. A highly unsuitable indicator ought not to be
considered at all.

Figure 2. Interpretation of Ratings Scale

123 4 56 789
not valid uncertain  valid

not feasible feasible
not suitable suitable
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When assessing the value of an indicator and making ratings along the three dimensions,

panelists were asked to think of a group of average patients in an average California acute care
hospital.

In addition to performing their pre-rating, panelists were invited to suggest changes to the
wording of the indicators and key terms and to suggest additional indicators (accompanied by
definitions) as appropriate. Even if they suggested modifications to key terms or definitions,
panelists were asked to pre-rate all indicators as written on the ratings forms. To take advantage
of the diverse clinical and administrative expertise of our panel, we encouraged panelists to
suggest additional indicators from published or unpublished evidence relevant to nurse staffing.
We pointed out that our systematic review was limited to articles indexed under terms relating to
nurse staffing, and that we conducted a limited investigation of literature indexed under certain
outcomes which yielded only a few articles of interest. If panelists wished to submit indicators
for which no available research findings or evidence existed, they were instructed to provide a
brief rationale and justification for their choice as well as a working definition as necessary.

Before submitting their pre-rating forms to the project manager, panelists were instructed
to confer briefly with either one of the Principal Investigators. This check-in process was
designed to ensure that panelists had an opportunity to clarify any questions they might have
about the ratings process, the indicator concepts, or key terms. Panelists were encouraged to
modify their ratings as necessary after these discussions.

Meeting Groundwork

Prior to the expert panel meeting, the pre-rating distributions and median scores were
tabulated using Microsoft Excel spreadsheets and a Microsoft Access program developed by
RAND. Re-rating forms were identical to the pre rating forms, with the addition of the
pre-rating distributions and medians and a new sub-section containing five additional patient
" outcomes indicators suggested by one panelist. Project staff also customized the final ratings
forms so that each panelist could confidentially view his or her own rating alongside the
anonymous ratings of other panel members.

As the success of an expert panel is influenced in part by the facilitation skills and
preparation of its moderator, project staff met with the moderator the evening before the final
rating meeting. Project staff reviewed and confirmed the meeting agenda, processes and ground
rules. In addition, the moderator previewed the pre-rating results. On the day of the meeting,
Dr. Dracup was introduced as the panel moderator and the meeting was turned over to her.

Meeting: Final Rating Process

During a day-long meeting on May 15, 2001, in Sacramento, California, the panel
reviewed, discussed, and re-rated each of the potential indicators. As a result of the limitations
described previously, we relied on our expert panelists to extend the literature and use their
clinical expertise to choose the most valid, reliable, and suitable among the indicators identified.
In addition, we asked each panelist to discuss the various definitions provided for each indicator
with the goal being that the panel would reach consensus on the definitions. Panelists were again
invited to suggest additional indicators broad enough for use hospital wide or narrow and unit-
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specific such as those appropriate for measuring the quality of nursing care in the emergency
department.

Members of the AB 394 project team were in attendance but did not participate in the
discussions or ratings. The role of the project team was to provide additional
information/resources, answer questions, and clarify the process as needed.

At this meeting, panelists reviewed and clarified definitions and re-rated the indicators
for validity, feasibility, and suitability. During the rating session, panelists were reminded that a
rating of “9” meant the indicator met the criteria for validity, feasibility, or suitability. A rating
of “1” meant the indicator did not meet the criteria and a rating of ““5” meant that it might meet
the criteria. Panelists were asked to rate an indicator “1-3” or “7- 9” when possible and to avoid
mid-level ratings when possible.

Definitions for the key terms and concepts of each outcome were discussed one at a time,
section by section, followed by a discussion of the associated indicators. Changes to definitions
were recorded by project staff and reiterated by the moderator before panelists rated the
indicators. Final definitions as approved by consensus are listed in Appendix 3: Table B. After
discussing each section, the panelists completed their final ratings. Indicators receiving a median
score of 7 or greater were considered suitable. Disagreement was noted when 2 or more of the
ratings occurred at the opposite end of the rating scale. For example, if an indicator received a
median score of 8, yet 2 individuals rated the indicator as a 2, this indicator would be identified -
as disagreement. With only 9 panelists, it was statistically unlikely that an indicator would have
extreme ratings from 2 or more, simply by chance. Therefore, those indicators were excluded as
suitable and were included in the list of potentially suitable indicators.

RESULTS AND DISCUSSION

Qualitative Results

Throughout the meeting, panelists participated in extensive debate on each of the
definitions, the realities of obtaining the data, and the extent to which an indicator was believed
to be sensitive to-changes in nurse-to-patient ratios, with particular attention paid to this last
issue. Repeatedly, the panel would evaluate whether or not a particular indicator was in fact
sensitive to changes in nurse-to-patient ratios.

. In the course of its deliberations, the panelists focused on the following issues:

e Definitions of indicators should be based on nationally recognized criteria. Thus the
panelists referred to the CDC guidelines for the definitions of various nosocomial
infections and the AHRQ National Pressure Ulcer Guidelines for definitions of noscomial
pressure ulcers (see glossary). In addition, the work of CalNoc was recognized as
providing guidance in defining various terms. Furthermore, the panelists felt that when
new indicators were identified, nationally recognized definitions should be used.

Hospital Nurse Staffing and Quality of Care m-6
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e Inmany instances, patient outcomes are influenced by factors beyond the control of
nursing. Therefore, identifying outcomes in which nursing care plays a substantial role
and for which nurses have primary control is critically important.

e Some outcomes, while associated with nurse staffing levels, may not be sensitive to
changes in nurse-to-patient ratios and therefore may not be appropriate for evaluating the
impact of AB 394. For example, while patient falls have been used as a patient outcome
in previous research on nurse staffing, the panel’s final ratings indicate that they did not
feel this particular indicator would be appropriate to measure quality with respect to
changes in the licensed nurse-to-patient ratio. During discussion, panelists noted that
differences in utilization of licensed and unlicensed staff might be a more significant
source of variation in this outcome. ~

e ]t was acknowledged that evaluating patient outcomes with clinical data may provide the
most accurate and valid information, but this was in general a time consuming and
expensive process. Use of administrative data was felt to be more feasible although the
panelists felt that the burden to the institution of collecting additional administrative data
should be considered.

Quantitative Results

The final ratings for all indicators are presented in Appendix 3: Tables C — E. The first
column contains the indicator; italicized terms can be found in the index. The next three
columns to the right represent the dimensions on which the indicators were rated. To the right of
each indicator, and within each column, are three rows that display the ratings results. The
bolded middle row represents each of the points on the nine-point scale. Above each number in
this scale is the number of panelists who rated an indicator at that point in the scale. The bottom
row contains the median score. If the letter “D” appears to the right of the median, disagreement
is present in the rating; otherwise the ratings pattern indicates no disagreement.

Table 1 below summarizes the final ratings forsuitable indicators. On the nins-point

scale, 9 of the 79 indicators (11%) were given a rating of 7 or more without disagreement. For

the categories of patient outcomes, 7 of 60 indicators (12%) were given a rating of 7 or more,
while of the employee outcomes, 2 of 8 (25%) were given a rating of 7 or more. None of the 9 -
institutional outcomes were considered suitable. As noted in Section 1, the strongest evidence
of a link between nurse staffing levels and patient outcomes exists for the following indicators:
mortality, pneumonia, and length of stay. Two of these, mortality and length of stay, were rated
as suitable indicators, while a third, pneumonia, was rated as potentially suitable. The outcomes
demonstrating the weakest evidence of a link between nurse staffing and patient outcomes were
rejected.

Table 2 below summarizes the final ratings for potentially suitable indicators. Indicators
are considered potentially suitable if they received an overall suitability score of 7 or greater with
disagreement, or 5 or 6 with or without disagreement.

Hospital Nurse Staffing and Quality of Care -7
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DISCUSSION AND RECOMMENDATIONS

Discussion

During their day-long meeting, panelists engaged in a productive exchange of ideas
relative to evaluating the impact of AB 394. Their ratings suggested 9 suitable indicators with an
additional 14 identified as being potentially suitable. They modified definitions for 9 indicators,

and suggested an additional 11 indicators of which 5 were rated either suitable or potentially
suitable.

It is recognized that this process does have limitations that must be considered when
interpreting the results. First, there was inconsistent agreement on ratings. In a few instances, a
minority of panelists would rate an indicator very low, although the majority indicated a high
rating. In addition, although a rating may have received high ratings for validity and feasibility,
it may have been rated low on suitability. This may be related to the panelists’ concern that a
suitable indicator had to be sensitive to changes in nurse-to-patient ratios. The second limitation
was the very short time-line for this project, which limited opportunities for exploring additional
indicators.

Despite these limitations, use of the expert panel process proved useful in identifying
indicators suitable for evaluating AB 394. The clinical, geographic, and hospital type diversity
represented by the panelists provided an opportunity for a wide range of opinions and the views
expressed encompassed many issues that must be considered.

Future Directions
Based on the results of this process, the following recommendations are made:

¢ While the panel provided ratings on the validity, feasibility and suitability of each
indicator, the ratings of validity and overall suitability should remain the major focus.
Ratings of feasibility should be used only as a rough guide as to the appropriateness of a
given indicator.

o There is a need for additional indicators that would be appropriate for evaluating nurse-
to-patient ratios in specific areas such as the emergency department, post-anesthesia care
unit, and labor and delivery.

e The majority of indicators are based on adverse events such as rates of nosocomial
infections. There is a need for additional positive indicators, such as patient’s satisfaction
with the quality of care.

e Prior to state-wide implementation, there is a need for pilot studies using these indicators
to evaluate nurse-to-patient ratios.

e As additional measures of nursing quality of care are identified, their suitability for
evaluating changes in nurse-to-patient ratios will be important.

¢ Operational definitions for each of the indicators rated as suitable or potentially suitable
need to be established.

Hospital Nurse Staffing and Quality of Care HI-8
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In summary use of the modified Delphi Expert Panel process led to nine indicators that
were considered valid, feasible, and suitable outcomes for evaluating the impact of AB 394. In
addition, 14 other indicators were rated highly on important dimensions and could be considered
for use in the evaluation process. As noted previously, the use of this process for assessing
structural components of care, such as nurse staffing, is an innovative use of the modified Delphi
approach. The results of this phase of the project demonstrates that this is a valid method for

identifying indicators appropriate for use in outcomes research with a focus on structural
predictors of quality in health care.

Hospital Nurse Staffing and Quality of Care
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Table 1. Suitable Indicators for Evaluating Changes in Nurse to Patient Ratios.

Indicators receiving an overall suitability score of 7 or more with no disagreement
(D=disagreement, A=agreement)

Validity Feasibility Overall
Indicator Suitability
Category Indicator median, median, median,
(agreement) | (agreement) | (agreement)
Patient F1. Risk adjusted mortality, overall, 6 8 7
Outcomes determined using administrative data (D) (A) A)
G2. Hospital length of stay, medical 7 8 7
patients (A) (A) A)
H1. Failure to rescue, determined using 8 5 7
clinical data (A) D) A
H2. Failure to rescue, determined using 7 8 7
administrative data (A) (A) A)
I1. Patient satisfaction, determined 7 8 8
using a survey (A) A (A)
12. Patient satisfaction with pain 8 8 8
management, determined using a A) A) Q)
survey
J2b. Completion of patient teaching, 7 7 7
determined using a survey (A) (A) (A)
Employee 2e. Perceptions of quality of care, as 8 8 7
Endpoints perceived by nurses, determined using A) A) A)
a survey
2Af. Work-related injuries, musculo- 7 7 7
skeletal (A) A) A)

(added by panel)

Hospital Nurse Staffing and Quality of Care
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Table 2. Possibly Suitable Indicators for Evaluating Changes in Nurse to Patient
Ratios: Indicators receiving an overall suitability score of 5 — 6 with or without
disagreement or 7 or more with disagreement (D=disagreement, A=agreement)

Validity Feasibility Overall
Indicator Suitability
Category Indicator median, median, median,
(agreement) (agreement) (agreement)

Patient Ada. Rates of hospital 5 4 5
Outcomes acquired pneumonia,-post- D) 1)) )

operative patients,

determined using clinical

data

A4b. Rates of hospital 5 7 5

acquired pneumonia, post- D) D) (A)

operative patients,

determined using

administrative data

AS. Rates of bacteremia 7 5 6

associated with sites of D) (D) (D)

central lines, determined

using clinical data.

Cla. Rates of nosocomial 7 4 6

pressure ulcers among all A) (D) D)

hospitalized patients,

determined using clinical

data.

C2a. Rates of nosocomial 7 4 5

pressure ulcers among D) (D) (D)

medical patients, determined

using clinical data.

G1. Hospital length of stay, 6 8 7

all patients (D) (A) (D)

G3. Hospital length of stay, 4 8 5

surgical patients (D) (A) (D)

J2a. Documentation of 8 4 6

patient teaching, determined (A) D) D)

using clinical data
Employee 2b. Nurse satisfaction, 7 7 6
Endpoints determined using a survey (A) (A) (D)
Institutional | 3a. Turnover, determined 7 8 6
Endpoints using a hospital survey (A) A) D)

3c. Use of overtime, 6 8 6

determined using a hospital (D) A) D)

survey

3g. Nursing personnel costs 6 8 5

per patient day, determined (D) (A (D)

using a hospital survey

3Ak. Actual staffing vs. 7 7 6

minimal (mandated) staffing (A) (A) (D)

3Al. Tracking use of non- 6 7 7

licensed personnel FTEs (D) (A) (D)

Hospital Nurse Staffing and Quality of Care
Expert Panel Process
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HOSPITAL NURSE STAFFING SURVEY
ANALYSIS

Patrick S. Romano, MD, MPH; Richard L. Kravitz, MD, MSPH, Valerie A. Olson; Steven J. Samuels, PhD; Danielle J.
Harvey, PhD; Julie A. Cahill, MPH; Margaret Hodge, RN, EdD; Mary Jane Sauvé, RN, DNSc; Regina Henning, BSN,
PHN; Ruth Bedwell, BSN, PHN

Introduction

This report provides our analysis of nurse staffing survey' data collected by the
California Department of Health Services Licensing and Certification (CDHS L&C) staff
from a stratified probability sample of California acute care hospitals. Although the
yearly OSHPD Hospital Disclosure report contains data that can be used to estimate
productive licensed nurse hours per patient day, these data are aggregated at the cost-
center level and cannot be converted to patient-to-nurse ratios for specific shifts on
specific units (see Section II). Therefore, the CDHS decided to collect data directly from
a sample of hospitals at the nursing unit level, in order to understand current staffing
patterns better and to explore the implications of variability in staffing across nursing
units, days, and shifts. The onsite survey, designed collaboratively by CDHS L&C and
UC Davis Center for Health Services Research in Primary Care (UCD CHSR/PC) project
staff, was designed to collect cross-sectional data on hospitals’ nursing workforce and
staffing practices, and to assess patient-to-nurse staffing ratios within selected unit types.
The principal aims of the survey were to:

® Generate weighted estimates of the distribution of patient-to-nurse ratios,
at the shift level, for selected nursing units in general acute care hospitals
in California;

e Estimate the statewide nursing deficit (in FTEs) for general acute care
hospitals in California, under various AB394 regulatory proposals;

¢ Estimate the financial impact associated with bringing general acute care
hospitals into compliance with various AB394 regulatory proposals;

e Estimate, if possible, the relationship between patient-to-nurse ratios

* ~derived from the 2001 survey and comparable ratios estimated from 1998-
99 OSHPD data (using productive licensed nurse hours per patient day).

CDHS Lé&C contracted with the UC Davis Center for Nursing Research to
analyze the results of a similar onsite survey of licensed nurse staffing in acute
psychiatric hospitals. Results from this study are contained in a separate report.

Methods

General Approach ,

In August 2000, the CDHS sent a letter to all hospitals subject to regulation under
AB394 to announce that an on-site staffing survey would be conducted statewide. This
letter, signed by CDHS Director Diana M. Bonté, R.N., Dr.P.H. informed hospitals that

! The term “survey” used in this analysis refers to the one-time onsite nurse staffing study conducted by DHS Licensing and
Certification, and was not a routine enforcement survey as is commonly conducted by the L&C program.

Iv-1



CDHS staff would conduct a survey to ascertain current staffing practices in California
hospitals. CDHS L&C staff and surveyors were scheduled to conduct the survey in
Spring 2001, and began to work with UCD CHSR/PC staff in November 2000 to design
the sampling strategy, develop the survey tool, and plan for survey implementation.

CDHS L&C staff determined the targeted types of nursing units based on the unit
types specified in AB394, and modified this list to include combined or mixed units. The
crosswalk appears below. Although postpartum units were not specified in the
legislation, they were included in the survey so that it would be possible to gather staffing
data in hospitals with discrete postpartum and labor and delivery units. Similarly, two
different types of stepdown units and three different types of general medical care units
were identified to facilitate sampling. A category for psychiatric units was added, so that
nurse staffing data from psychiatric units in general acute care hospitals could later be
compared with data collected from acute psychiatric hospitals (which are also subject to
regulation pursuant to AB394). Specialty care units were defined as oncology units,
because other types of specialty care units were believed, and subsequently confirmed, as
being quite rare among general acute care hospitals in California. Unit types with
existing ratio regulations (i.e., critical care, operating room) were excluded from the
survey. Burn units were also excluded, as CDHS L&C staff anticipated that ratios for
burn units would be set equal to those for critical care units.

AB 394 SURVEY
DESIGNATION - UNIT
Critical Care Unit Not surveyed
Burn Unit Not surveyed
Labor and Delivery Room Labor and Delivery, Postpartum, Combined Labor and
Delivery and Postpartum
Postanesthesia Service Area Postanesthesia
Emergency Department Emergency
“Operating Room Not surveyed
Pediatric Unit Pediatric :
Step-Down/Intermediate Care Stepdown, Combined Stepdown/Telemetry
Specialty Care Unit Oncology C s
Telemetry Unit Telemetry :
General Medical Care Unit Medical, Surgical, Combined Medical/Surgical
Sub-Acute Care Unit Sub-Acute (Transitional) Inpatient
Transitional Inpatient Care Unit Sub-Acute (Transitional) Inpatient
Not specified Psychiatric
Not specified Mixed Unit

The on-site survey was designed to collect staffing data for one randomly selected
unit of each type within each hospital. This required surveyors to enumerate all of the
units of each type within each sampled hospital, based on information provided by
hospital administrators. After randomly selecting one unit of each type, surveyors
interviewed nurse managers and direct care nursing staff on duty, and reviewed staffing
logs, to ascertain the number of RNs, LVNs, unlicensed staff, and patients in each
sampled unit at the beginning of the surveyed shift, for all shifts during the past seven
days, and for all shifts on ten randomly selected days during the previous three months.
In addition, surveyors collected data on the demographic and educational characteristics
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of each nurse on duty in each sampled unit, and supplemental information on hospital
operations that might explain variations in staffing patterns. The survey methods are
described in further detail below.

Sample Design

The sample was designed to represent all general acute care hospitals licensed by
the California Department of Health Services. Accordingly, hospitals operated by the
Federal government were excluded from the sampling frame. AB394 requires that
certain types of hospitals receive special consideration in the development and
enforcement of nurse-to-patient ratios. Section 1276.4(a) of the Health and Safety Code
stipulates that “flexibility shall be considered by the Department for rural general acute
care hospitals in response to their special needs,” while section 1276.4(g) authorizes the
Department to grant such hospitals waivers “that do not jeopardize the health, safety, and
well-being of patients...and that are needed for increased operational efficiency...”

Because of the need to estimate current nurse staffing and project nursing deficits
for these “special consideration” hospitals, we used stratified probability sampling. Each
licensed hospital in California had a specified, non-zero probability of being sampled.
Five sampling strata were specified, and rural, county, and academic hospitals were
markedly oversampled to ensure that they would be adequately represented in the final
sample. Kaiser hospitals were oversampled because their nurse staffing data were not
available from the OSHPD Hospital Disclosure report. Specifically, we sampled all 10
academic medical centers (100%), 10 of 32 Kaiser hospitals (31%), 20 of 74 rural
hospitals (27%), 10 of 25 public (city or county) hospitals (40%), and 30 of 341 other
private hospitals (8.8%). The total sample included 80 hospitals. Four hospitals in our
original sample had closed by the time of the on-site survey, and were replaced by
randomly selected alternates in the same strata. All ten State-operated hospitals licensed
by CDHS were also surveyed, after the survey of academic, Kaiser, rural, public, and
private hospitals was completed.

SUrvey Tool Design and Implementation

To collect comparable data across all types of hospitals and units, we sought to
develop a tool that could be implemented unifortily and universally. A limited search of
published literature in December 2000 did not reveal any readily adaptable tools for a
survey of this scope. However, the UCSF Center for the Health Professions’ recent mail
survey of acute care hospitals related to nurse staffing on medical-surgical units provided
a conceptual framework (although the 27% response rate to this survey was too low to
use their results).[1] The majority of questions were developed de novo, drawing on the
expertise of project staff from CDHS L&C and UC Davis. In addition, the Nursing
Evidence Report Advisory Committee (NERAC) members were asked to review the final
draft to ensure that the survey would be feasible and that the questions were valid; their
suggestions were incorporated. Appendix 4 contains the tool, which was designed for
automated data entry using scannable forms developed with Cardiff’s Teleform™
software.

The survey instrument for each hospital was divided into four sections: a cover
sheet, a unit inventory, a unit list and selection form, and the unit survey. The first
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section was designed to collect hospital-level data from hospital administrators, including
the patient classification system used in acute care and psychiatric units and any
information on recent structural changes that might have affected nurse staffing.
Administrators were then asked to enumerate and name all units in each of the 16 unit
categories listed above. CDHS L&C staff defined these unit types using Title 22
“general requirements,” “care bed classifications,” and “care service and unit
definitions”; and other sources compiled during the instrument design process. The
sources for each unit type definition are as follows: labor and delivery [Title 22 Section
70545], postpartum [Title 22 Section 70545], stepdown [American College of Critical
Care Medicine, citation on file with CDHS], medical [Title 22 Section 70201], surgical
[Title 22 Section 70221], emergency [Title 22 Section 70411], pediatric [Title 22 Section
70535], psychiatric [Title 22 Section 70575], and post-anesthesia [Title 22 Section
70231]. To account for hospital units that served patients of more than one type, or did
not match any of the specified unit types, we designated such units as “mixed.”

The third section of the survey was the “Unit List and Selection Form.”
Surveyors listed all of the identified units of each type within each surveyed hospital, and
then used one of 12 random number tables, randomly pre-assigned to each hospital, to
select one unit of each type. That unit was then visited, and the nurse manager on duty
and direct care staff nurses were interviewed. Surveyors first collected information about
the current nursing shift, which was defined in terms of duration (8 hour, 12 hour, other)
and time of day (day, evening, night, other). Nurse managers were asked about the
number of patients, licensed nurses, and unlicensed assistive personnel present at the
beginning of the current shift, and “usually” present on this shift. They were also asked
about cumulative staffing and patient care activity (admissions and discharges) over the
prior 24 hour census period. Surveyors also collected information about how various
patient care functions are assigned to different staff, and what types of services are
provided on the unit. In addition, nurse managers and direct care staff nurses were asked
to provide data on the educational background, experience, employment status, and
patient load of each nurse currently on duty in the unit.

In the final subsection of the survey, nurse managers from units other than
emergency departments, postanesthesia units, and labor and delivery units were asked to
provide staffing level and skill mix data (i.e., RNs, LVNs/PTs?, unlicensed assistive
personnel) for all shifts during the previous seven days, including any prior shifts on the
day of the survey, and for all shifts on ten randomly selected days during the previous
three months. This information was obtained from staffing logs housed on the floor or
from staffing log archives. The ten randomly selected days were the same for all
surveyed hospitals, and represented a stratified combination of weekdays, weekend days,
and holidays: the 1%, 10", 13®, and 22™ of January 2001; the 8", 18", and 21 of
February 2001; and the 9“‘, 11" and 22™ of March 2001. This design allowed us to
extrapolate nursing deficits from these dates to the entire calendar year, given our
assumption that these months adequately represent the entire year. Surveyors collected
data only on the current shift and the preceding 24-hour census period for emergency
departments, postanesthesia care units, and labor and delivery units, because the patient

? The abbreviation “ PT” is used by the Board of Licensed Vocational Nurses and Psychiatric Technicians to refer to a licensed
psychiatric technician.
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census for these types of units varies from hour to hour, and is not recorded in a
consistent manner.

Sixteen registered nurse surveyors experienced in healthcare facility data
collection were selected to participate in this effort. All surveyors attended a six-hour
training session by CDHS L&C project staff, received a detailed protocol for reference in
the field, and were instructed in how to handle unforeseen problems encountered in the
field. Surveyors were able to contact lead CDHS L&C project staff for technical and
procedural support throughout the survey implementation period.

After pretesting the study tool at four local hospitals from four different sample
strata, CDHS L&C headquarters scheduled staff to perform the surveys unannounced and
concurrently over as short a period as possible. Thus, all surveys were completed -
between April 30 and May 18, 2001. All sampled hospitals made their managers and
staffing records available on the survey date. The ten hospitals operated by the California
Department of Developmental Services, Department of Corrections, Department of
Mental Health, and Department of Veterans Services were surveyed, using the same
procedures and tools, between August 20 and August 31, 2001. We analyzed the data
from these State hospitals separately from the data from general acute care (GAC)
hospitals.

Dataset Construction and Management

Following the completion of data collection, CDHS L&C project staff reviewed
all survey forms to ensure that the data were legible, and corrected missing or untenable
values. Following this initial data preparation, the survey forms were delivered to UC
Davis for scanning, data cleaning, and conversion into analytic datasets.

CDHS L&C staff scanned the survey forms into TELEform™ Version 6.1/6.2
data collection software. TELEform was used to process the study forms electronically,
using a character recognition engine to identify readable entries and manual verification
to correct unreadable entries. First, the paper forms were converted to a TIFF image,
then were exported to TELEform’s neural character recognition engine for interpretation
and validation. This engine evaluated arididentified each character and marked field on
the image and displayed it onscreen for manual visual validation by a staff operator. The
sensitivity of this process was set using customized field confidence settings, which were
established at 82% for this project. This setting determined the level of uncertainty
associated with identifying each character. At this setting, entries that registered a
confidence interval of 82% to 100% displayed automatically, whereas characters that
registered between 10% and 81% prompted the operator to manually verify or correct a
“best guess” entry, and those that registered less than 10% prompted the operator to enter
the data manually. . Free text entry fields were set for continuous review. All comment
sections were excluded from scanned entry, due to time constraints. All validated data
were archived as CSV files.

After the study forms were evaluated and corrected during the scanning and
verification process, the TELEform CSV data files were exported to SAS® Version 8.0
statistical software, using STAT Transfer® Version 6.0. Two SAS® datasets were
created: the first dataset represented survey questions 1 through 18, whereas the second

Hospital Nurse Staffing and Quality of Care
Hospital Nurse Staffing Survey Analysis IvV-5



represented questions 19 —21. A programmer thoroughly cleaned these datasets,
following guidelines for reasonable value ranges established by CDHS L&C project staff.
All missing values and outliers were manually checked against the original paper forms.
Following this data cleaning, a quality assurance test of one unit type, Subacute Care,
yielded an overall accuracy of 99.0%. This level of accuracy was acceptable for the
types of analysis conducted for this report. These SAS files were then converted to
STATA® Version 7.0 files for statistical analyses. Raw output was generated in text
files, converted to Microsoft™ Excel 2000 spreadsheets for further analysis, and
displayed using Microsoft™ Word 2000 tables.

Analysis

Staffing Measures

: To estimate patient-to-nurse ratios for each sampled shift on each sampled unit,
we divided the number of patients actually assigned to beds, gurneys, or bassinets at the
beginning of that shift by the number of staff on duty at the beginning of that shift. Staff
were aggregated into three categories: registered nurses (RNs), licensed vocational or
practical nurses (LVNs/PTs), and unlicensed assistants. Licensed nurses were defined as
RNs, LVNs, and PTs. Unlicensed assistants were defined as clerks or secretaries,
certified nursing assistants (CNAs), orderlies, orthopedic technicians, telemetry
monitoring technicians, and volunteers.

t In exploratory analyses, we also estimated patient-to-nurse ratios for each unit
based on the “usual patient census for this shift” and the number of “RNs, LVNs, and PTs
(usually) scheduled at the beginning of this shift.” This measure proved not to be useful,
because it was only available for the current shift, precluded separation of RNs from
other licensed staff, and was subject to variability in interpretation across surveyors (i.e.,
_Wbether the “usual patient census” is instantaneous or cumulative). Similarly, data on
cumulative patient care activity (admissions and discharges) over 24 hours could not be
used to estimate patient-to-nurse ratios at specific times. Although we collected data on
the number of patients assigned to each individual nurse on the current shift, we could not
obtain such detailed data from prior shifts, nor did we track overlapping patient.
assignments (i.e., when an RN and an LVN are assigned to care for the same patlent)

For this reason, our estimates are based on average staffing at the unit level, rather than at
the individual nurse level.

: Surveyors only collected data on the current shift for emergency departments,
postanesthesia care units, and labor and delivery units, because the patient census for
these types of units varies from hour to hour, and is not recorded in a consistent manner.
These units generally do not maintain staffing logs that could be used to determine the
patient-to-nurse ratio at specific times in the past. As a result, all estimates for these units
are based on just one surveyed shift at each hospital. Unfortunately, these surveyed shifts
were not representative of the entire calendar year, and the original study design did not
include repeated resampling of the same units over time. As shown below, nearly all of
the surveyed shifts were day shifts, so we have very little data on nurse staffing for
evening and night shifts in emergency departments, labor and delivery units, and
postanesthesm units.
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Numbker of Shifts by Shift Type and Duration

Number of Shifts

Survey Unit Type L&D Emergency | Postanesthesia Total
Day 8Hr 26 26 52 96
Evening 8 Hr 0 2 1 3
Day 12 Hr 20 39 4 63
Night 12 Hr 0 1 1 2
Other (i.e., 10 or 8/12 mixed) 0 3 14 17 |

Total 40 71 72 183

We dealt with this problem through linear extrapolation of nursing deficits from
the surveyed shift to other shifts on the same day. For emergency departments and labor
and delivery units, we tripled the nursing hour shortage from an 8-hour shift, and doubled
the shortage from a 12-hour shift, to estimate the shortage for the entire day. In fact,
nursing deficits during evening and night shifts might be substantially greater or smaller
than nursing deficits during day shifts. For postanesthesia units, we avoided extrapo-
lation by assuming that such units only operate for one shift each day. If some units are
open for two or three shifts per day, the actual impact of AB 394 regulations on the
demand for postanesthesia nurses may exceed our estimates.

Finally, our estimates for emergency departments (EDs) are further compromised
by the fact that seven hospitals had multiple emergency units, only one of which was
randomly sampled. Two of these hospitals had emergency units that were actually in
different geographic locations, but which presumably saw similar patients using similar
nurse staffing. One hospital had two emergency units in the same location, which were
apparently split for administrative convenience. For the other four hospitals, however,
multiple emergency units saw fundamentally different patients (e.g., adult versus
pediatric, urgent versus emergent) and therefore presumably differed in nurse staffing.
_ Extrapolating from the one surveyed unit within each of these seven EDs to the entire ED - -
was a source of uncertainty in our impact estimates.

Because of the complex stratified sampling scheme, weighted data are presented
throughout this report, unless otherwise noted. Each hospital was weighted by the
inverse of its probability of being included in the sample. Within a hospital, each unit of
a specific type was weighted by the inverse of its sampling probability, which equaled the
number of units of that type enumerated by the hospital administrator. Unit-specific
weights and hospital-specific weights were multiplied as appropriate. For example, a
weight of 5 would have been applied to a medical unit at a county hospital that had a 40%
probability of being sampled and two medical units. In other words, that sampled
medical unit represents 5 similar units at county hospitals statewide.
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Nursing FTE Impact

Estimating nursing deficits and financial impacts over a calendar year also
required extrapolation from the surveyed shifts and days to the entire year. For each
shift, the required number of nurses was estimated by dividing the number of patients
reported at the beginning of the shift by each proposed patient-to-nurse ratio. Fractional
numbers of nurses (e.g., 11 patients with an AB394 standard of 2 patients per nurse yields
5.5 required nurses) were rounded upward to the next integer, assuming that units cannot
share nurses with other units on the same shift. If this required number exceeded the
actual number of nurses on that shift (e.g. 4), then the whole number shortage was
estimated by subtraction (6-4 = 2). We multiplied this integer by the shift length (in
hours) to estimate the number of additional nursing hours needed for that shift (e.g., 2 x 8
= 16 hour deficit). The resulting deficits were added across all shifts on each surveyed
day, and then extrapolated based on day of week (i.e., 2 Mondays, 3 Thursdays) from the
17 or 18 surveyed days to all 365 days. Seasonal variation was not considered.

We estimated 90% confidence intervals for all nursing deficit estimates using the
procedures available in STATA for analyzing complex stratified probability samples.
These confidence intervals were truncated at zero, as appropriate. Because these
confidence intervals were relatively wide, we rounded all nursing deficit estimates greater
than 10 to the nearest 10. Rounding was performed only after any necessary arithmetic
manipulations, to avoid rounding error. The confidence intervals shown in this report
reflect the fact that we seek to generalize findings from a set of 80 sampled hospitals to
all nonfederal acute care hospitals statewide. Confidence intervals could not be estimated
for State-operated hospitals, because all of these hospitals were surveyed. The absence of
confidence intervals does not imply certainty about the number of additional nurses that
State-operated hospitals will need to hire, because we only collected nurse staffing and
patient census data for 17 or 18 of 365 days. These days were chosen to be
representative of all days, and not as a random sample. If these days were not actually
representative (e.g., because of temporal cycles in the incidence of infectious diseases),
then we may have overestimated or underestimated nursing FTE deficits and financial
impacts. This type of error is systematic rather than random, so it cannot be described
with confidence intervals.

Finally, the annual nursing hour deficit for each unit, within each hospital, was
divided by 1700 to estimate the number of nursing FTEs that would have to be hired by
that hospital to staff that unit in full compliance with the AB394 proposal. In accord with
previous research (Seago 2001, [2]), we assumed that a full-time nurse would provide an
average of 1700 hours of productive work per year, excluding vacation time, sick leave,
other leave, training and education, and other nonclinical activities. We treated meal and
bathroom/coffee breaks as productive work hours for the purposes of the study.

In summary, the impact estimates shown in this report are potentially subject to
two forms of uncertainty. The first form of uncertainty derives from so-called “random
error,” which follows directly from the sampling design. Given enough time and
resources, we could have obtained a complete census of California hospitals, nursing
units within those hospitals, months of the year, days of the week, and hours of the day.
Instead, we collected data from a sample of hospitals, units, months, days and hours. We
did what we could to minimize random error by using archived logs to ascertain nurse
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staffing levels on at least 17 different days. Nevertheless, as indicated by the confidence
intervals, substantial “random” uncertainty remains, especially for small subgroups.

The other form of uncertainty potentially affecting the impact estimates contained
in this report derives from so-called “systematic error” or “bias.” In other words, our
estimates of AB 394-related nurse FTE requirements and costs may be too high or too
low. We believe that the magnitude of any bias is smaller than it would have been if this

“survey had not been conducted. However, we cannot eliminate all bias, nor can we be

certain that the magnitude of bias is small. We can describe the most likely sources and
direction of any potential bias. In so doing, we alert policymakers to important sources of
residual uncertainty and suggest areas for further research and evaluation.

The major sources of potential bias are as follows:

Transfer of nurses from one unit to another. Our analysis assumes that hospitals
will not use an apparent nursing surplus on one unit to make up an apparent
deficit on another unit (during the same shift). Although it is plausible that -
hospitals may transfer staff across units of the same type to bring all such units
into compliance with AB394, we only collected information on one, randomly
selected unit of each type. Therefore, the survey data cannot be used to estimate
the impact of nursing transfers across units of the same type. Transfers of
nursing staff across units of different types, during the same shift, could be
postulated using the survey data, but were felt to be generally infeasible. Many
units require specialized nursing skills (e.g., pediatric, oncology, obstetric,
psychiatric) or have patient acuity needs that would make it difficult for hospitals
to transfer staff from units with staffing levels that exceed the proposed
regulations to units with lower staffing levels. In other words, we assume that
current nurse staffing levels reflect market equilibrium, influenced by patient
acuity, which would resist perturbation. Relaxing this assumption would reduce
the estimated need for new nurses.

Sharing of nurses across units on the same shift. The same nurse cannot work on
multiple hospital units at the same time, which precludes sharing of nurses across
units on the same shift. Relaxing this assumption would reduce the estimated
need for new nurses. In exploratory analyses, estimating and adding fractional
deficits (e.g., 0.3 nurses on one shift plus 0.5 nurses on the next shift) resulted in
total FTE deficit estimates that were between 11% (combined postpartum/labor
and delivery units) and 39% (combined medical/surgical units) lower than the
corresponding estimates based on the assumption that nurses are indivisible across
units.

Static vs. dynamic nurse staffing. Nurse staffing needs are not necessarily
constant across a shift but may change as a result of new admissions and
discharges, changes in acuity, and other factors. We ascertained patient-to-nurse
staffing ratios at the beginning of each shift, based on the number of nursing staff
and the number of patients present on a nursing unit at that time. Any patient
admissions or discharges were picked up in the data collected at the beginning of
the succeeding shift. We collected no data to describe changes in nursing staff
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availability and patient census that occur during a single shift. Revising this
assumption to reflect the dynamics of nurse staffing and patient load throughout a
shift would increase the estimated need for new nurses.

Aggregate vs. individual nurse:patient ratios. A nursing unit that is staffed at a
level of x nurses to y patients (aggregate nurse:patient ratio, x:y) may have some
individual nurses who are caring for more (or fewer) than y/x patients. Due to
data limitations (Jack of archived records detailing the number of patients
assigned to each individual nurse), we could not estimate the impact of AB394
regulations as applied at the individual nurse level. If nurse managers equalize
the distribution of patients among the nurses under their supervision, then the
aggregate patient-to-nurse ratio for the unit after implementation of AB 394 will
approximately equal the number of patients assigned to each individual nurse.
Variation in patient acuity might mean that equalizing assignments would not
bring the unit into compliance — a possibility that we could not model. Relaxing
this assumption to reflect variation in patient acuity, and associated variation in
the number of assigned patients, across nurses on a unit would increase the
estimated need for new nurses.

Source of newly required nursing hours. We assumed that the nursing hours
needed to comply with the proposed regulations will be worked by nurses hired in
response to the new regulations. We did not assume that the extra hours needed
would be met by current employees working overtime. Relaxing this assumption
would decrease the estimated need for new nurses, but would probably increase
the estimated financial impact (assuming that overtime is paid at a higher hourly
rate than scheduled work time).

Financial Impact
To estimate financial impacts, we multiplied our estimated FTE deficits by total

annual paid hours for a full-time nurse (2000), and by weighted averages of RN and LVN
hourly wages based on skill mix data from the 6/30/98-6/29/99 OSHPD Hospital Annual

Disclosure report. Hourly wages.were based on the sum of: (1) the 2000 National

N e

Compensation Survey of mean hourly earnings (salary only) by randomly sampled nurses
in six metropolitan areas in California (Los Angeles-Riverside-Orange, Sacramento-
Yolo, Salinas, San Diego, San Francisco-Oakland-San Jose, Visalia-Tulare-Porterville),
weighted in accord with the total employed population in these areas; and (2) the March
2001 survey of Employer Costs for Employee Compensation among civilian workers
nationwide (fringe benefits only). We generated separate estimates for RNs and
LVNs/PTs, and then weighted these two estimates based on the average skill mix (%RN)
among all units of the same type in 1998-99.

This procedure resulted in the following estimates for hourly nursing labor costs:
$33.28 for medical, surgical, combined medical/surgical units, mixed and oncology units,
$34.39 for pediatric units, $33.95 for stepdown, telemetry, and combined stepdown/
telemetry units, $29.33 for subacute units, $35.01 for labor and delivery units, $34.22 for
postpartum and combined labor and delivery/postpartum units, $35.10 for emergency and
postanesthesia units, and $32.66 for psychiatric units within acute care hospitals.
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As with the FTE estimates, our estimates of the financial impact of AB394 are
subject to both random and systematic sources of uncertainty. Random uncertainty is
captured in the reported confidence intervals. Systematic uncertainty (potential bias)
cannot be quantitated so cleanly but can be described in terms of source and likely
direction. In this section, we enumerate potential sources of bias threatening our results
and discuss their likely impact.

Representativeness of nursing wages in the six selected metropolitan areas. If the
nursing wages in the six metropolitan areas listed above do not represent the
entire state, our financial impact estimates may be too high or too low.

Fringe benefit costs for nurses in California. We assumed that these costs equal
the national average. If, as recent data suggest, employer premiums for health
insurance coverage are lower in California than in most other states, then we may
have slightly overestimated the financial impact of the proposed regulations.

Changes in skill mix. We assumed that hospitals will make up any deficit in
licensed nurses pursuant to AB 394 by maintaining the same average skill mix
(i.e., RN hours as a percentage of total licensed nurse hours) that they used in
1998-1999. If hospitals choose to minimize their costs by increasing the
proportion of LVNs on their nursing staffs, then we may have overestimated the
financial impact of the proposed regulations. If, on the other hand, hospitals
choose to increase the proportion of their RN staff and decrease the proportion of
their LVN staff, then we may have underestimated the financial impact of the
proposed regulations. '

Stability of average nurse salaries. We assumed that average nursing salaries in
California have not changed since the National Compensation Surveys described
above (i.e., December 1999 through March 2001). If average nursing salaries
have actually increased since that time, then we may have underestimated the
financial impact of the proposed regulations.

Wage rates for hospital nurses. We used average nursing wages for nurses
practicing in all settings, not just hospitals. If hospital nurses are actually
compensated at a higher average level than licensed nurses in other settings, then
we may have underestimated the financial impact of the proposed regulations.

Costs of hiring/training additional nurses mandated by AB 394. We used average
nursing costs, not marginal costs, because only average costs were available. In
so doing, we knowingly, but necessarily violated the microeconomic principle
that marginal costs exceed average costs in a competitive market. The extent to
which hospitals currently use registry personnel and overtime to staff their units,
and the extent to which they may do so after the proposed regulations go into
effect, is not known and, therefore, could not be factored into our estimate of
financial impact. Likewise, any future potential increase in nursing productivity,
reflected in reduced absenteeism and sick leave, cannot be projected and also was
not factored into our economic impact estimate. As a result, we may have
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underestimated the short-term, and overestimated the long-term, financial impact
of the proposed regulations.

Effect of AB 394 on nurse wages. For purposes of the fiscal deficit estimate, we
assumed that AB394 would have no effect on nursing wages in California. If
there is a nursing shortage in California, then prevailing wages are likely to
increase as hospitals compete for a limited pool of available nurses. If, however,
there is a substantial pool of nurses who have temporarily left the hospital labor
market and are prepared to return to hospitals if working conditions improve, then
prevailing wages may re-equilibrate at or near the current level. As aresult, we
may have underestimated the short-term, and overestimated the long-term,
financial impact of the proposed regulations.

Effect of AB 394 on other nursing-related costs. We ignore all transaction costs
associated with recruiting, interviewing, hiring, training, supervising, and
managing these additional nurses. Although these human resource management
costs could be significant in the short term, they may diminish in the long term if
nursing turnover drops. One empirical study (see Section I, Table 15) found that
10% fewer beds per RN were associated with a 2.5% decrease in resignations per
unit per quarter.

Results

The Hospitals Surveyed

Eighty hospitals were surveyed, including all 10 University of California teaching
hospitals, 10 Kaiser hospitals, 20 rural hospitals, 10 public (city or county) hospitals, and
30 other private hospitals. (Note that our oversampling of the first four types of hospitals
was corrected by weighting.) The surveyed hospitals represent all major metropolitan
areas in the State (Table 1). '

Not all hospitals had all types of units. Table 3a shows that 39 hospitals had labor
. and delivery units, 37 had postpartum units, and 13 had combined units. Twenty hospitals
had stepdown units, 21 had telemetry units, and 18 had combined units. Only 14
hospitals had medical-only units, 21 had surgical-only units, and 40 had combined units.
Most hospitals had emergency departments (71) and postanesthesia units (68), but
relatively few had pediatric (31), oncology (13), psychiatric (20), or subacute (8) units.
Therefore, our estimates of nurse staffing and nursing deficits for the last four types of
units are less reliable than our estimates for other units.

Workforce Analysis: Description of Nurse Mix and Qualifications

Information about nurses’ education, employment, and experience was only
obtained for the current (surveyed) shift, which was a day shift for more than 80% of
hospital units. Indeed, 91.7% of all surveyed nurses were working on day shifts.
Comparative analyses suggested that evening and night shift nurses differ systematically
from day shift nurses. Therefore, to make the results generalizable to an identified
population, we have restricted our analyses of nursing workforce characteristics to day
shift nurses. Sampling weights, according to hospital stratum and unit type, were used to
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generalize the results to the entire population of day shift nurses working in these unit
types, on the surveyed days, in nonfederal licensed acute care hospitals in California. No
imputations for missing data were necessary, due to the extremely high item-response
rates, which ranged from 96.1% to 100% for all licensed nurses. The day shift dataset
consisted of 2,298 nurses from 80 hospitals, of whom 2,092 (91.1%) were RNs, 192
(8.4%) were LVNSs, 12 (0.5%) were PTs, and 2 had missing title information.

Education information was only collected on RNs in the survey, because LVNs
and PTs can be certified and licensed without having received a specific degree. The
majority of RNs working on day shifts have either an AA (43%) or BSN (39%) degree,
with very few categorized as “Diploma RN” (15%) or “MSN/DNSc/ND” (2%). Across
different types of units, 25% to 69% of RNs have an AA degree. More than 40% of RNs
have AA degrees in all unit types except telemetry (39%), combined medical/surgical
(37%), oncology (38%), psychiatric (25%), subacute (29%), and postanesthesia (36%).
Medical and pediatric units have the highest percentage of AA degree RN, at 69% and
64% respectively. Similarly, 23% to 49% of day shift RNs have BSN degrees, with
stepdown (49%) and subacute (47%) units at the upper end, and combined
postpartum/labor and delivery (29%), medical (23%), pediatric (30%), and psychiatric
(26%) units at the lower end of this range. Psychiatric units have the highest percentage
of RNs from a diploma nursing program (36%) and the highest percentage of
MSN/DNSc/ND nurses (13%) (Table 2a).

In terms of employment status, 54% of day shift nurses are employed full-time,
30% are employed part-time, 12% are employed per diem, and 4% are registry (Table
2b). Among day shift RNs (Table 2b), 53% are employed full-time, 30% are employed
part-time, 13% are employed per diem, and 4% are registry. Across different types of
units, the percentage of RNs who are employed full-time ranges from 36% to 76%, while
the percentage of part-time RNs ranges from 14% to 43%, the percentage of per diem
RNs ranges from 1% to 19%, and the percentage of registry RNs ranges from 0% to 13%.
In stepdown, medical, surgical, pediatric, oncology, subacute, and mixed units, more than
60% of RN are employed full-time. Combined medical/surgical units have the highest
percentage of part-time RNs (43%) while stepdown units have the lowest percentage
(14%). Postpartum and emergency units have the highest pefcentage of per diem RNs
(19%), while stepdown units have the lowest percentage (1%). Psychiatric units rely
most heavily on registry RNs (13%) whereas subacute units have no registry RNs.
Among day shift LVNs and PTs (Table 2c), 63% are employed full-time, 27% are
employed part-time, 5% are per diem, and 4% are registry. Because relatively few
LVN/PT nurses were surveyed, we could only estimate statewide workforce character-
istics for the nine unit types with at least 10 nurses who responded to the employment
status question. The percentage of LVN/PT nurses who are employed full-time ranges
from 38% to 79% across these nine unit types, with combined stepdown/telemetry units
at the high end and surgical units at the low end. Medical units have the highest
percentage of part-time LVNs and PTs (49%), while combined stepdown/telemetry units
have the lowest percentage (5%)." Combined stepdown/telemetry units rely most heavily
on per diem LVNs and PTs (16%), whereas combined medical-surgical and subacute
units have no per diem LVNs and PTs.
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The mean length of experience for all licensed day shift nurses is 15.6 years. The 10"
percentile is 3 years, the 25" percentile is 7 years, the median is 14 years, the 75"
percentile is 23 years, and the 90" percentile is 30 years. Among day shift RNs (Table
2e), the mean length of experience is 16 years, with a range from 7 to 21.7 years across
unit types. The median is 15 years, ranging from 8 to 23 years across unit types. Among
day shift LVNs and PTs (Table 2f), the mean length of experience is 11.7 years, with a
range from 8.2 to 13.4 years across the 9 unit types with at least 10 nurses who responded
to this question. The median is 10 years, ranging from 7 to 15 years across the 9 unit
types. Registered nurses in labor and delivery, postpartum, combined post-partum/labor
and delivery, psychiatric, and postanesthesia units have the most experience on average
(=17 years), while RNs in combined stepdown/telemetry and subacute units have the
least experience on average (<12 years). Postpartum, medical, and surgical units have
LVNs and PTs with the most experience on average (>14 years), while combined
medical/surgical and subacute units have LVNs and PTs with the least experience on
average (<10 years).

Staffing Ratios

Table 3a shows the distribution of the number of patients per licensed nurse for
each unit type, weighted to represent the statewide distribution among general acute care
hospitals. Because the estimates for labor and delivery units, EDs, and postanesthesia
units are based on only one shift per hospital, they are less reliable than the estimates for
other unit types. The median number of patients per nurse at the beginning of each shift
was 5.1 for postpartum units, 2.2 for combined postpartum/labor and delivery units, 2.8
for stepdown units, 4.5 for telemetry units, 3.4 for combined stepdown/telemetry units, 5
for medical units, 4.6 for surgical units, 5.1 for combined medical/surgical units, 3.4 for
pediatric units, 4.5 for oncology units, 4.5 for psychiatric units, 7.2 for subacute units,
and 5.0 for mixed units.

~ Table 3b shows how the number of patients per licensed nurse varies across shifts.
In general, day and evening shifts have somewhat more generous staffing than night
shifts. For example, the median number of patients per nurse on a combined medical/
surgical unit was 4.5 at the beginning of day.shift, 4.8 at the beginning of evening shift,
and 6.0 at the beginning of night shift. The median number of patients per nurse on a
mixed unit was 4.4 at the beginning of day shift, 4.8 at the beginning of evening shift,
and 5.5 at the beginning of night shift. Staffing was more uniform across shifts (range
<0.8 patients per nurse) for postpartum, stepdown, and combined stepdown/telemetry
units. Variability in staffing across shifts potentially increases the financial impact of
AB394 if the same standards are applied to all shifts. This variability is reflected in our
impact estimates.

Table 3c further stratifies the number of patients per licensed nurse by shift
duration, in addition to time of day. The lowest staffing levels were found on 8-hour
night shifts. For example, the median number of patients per nurse on subacute units was
5.5 to 7.2 on day, evening, and swing shifts, but rose to 11.0 on 8-hour night shifts.
Similar, but less notable, understaffing of 8-hour night shifts (relative to day and evening
shifts) was observed for combined medical/surgical units, psychiatric units, and oncology
units.
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Table 3d represents a series of five tables showing how the number of patients per
licensed nurse varies across hospital strata. Because each stratum includes as few as ten
hospitals, we only present quartiles, without shift-stratified estimates. Rural hospitals
rely heavily on mixed units, and generally staff these units at a higher level than
comparable units elsewhere (i.e., a median of 3.3 patients per nurse versus 4.1 at
academic medical centers, 5.7 at Kaiser hospitals, 6.0 at public hospitals, and 5.0 at other
private hospitals). Academic medical centers tended to staff at a higher level than other
hospitals; for example, we found a median of 4.4 patients per nurse on combined
medical/surgical units versus 5.5 at Kaiser hospitals, 4.9 at public hospitals, and 5.0 at
other private hospitals. With these exceptions, the similarities in nurse staffing across
hospital types were more striking than the differences.

Table 3e shows the distribution of the number of patients per licensed nurse for
each unit type, across the ten State-operated hospitals. Because of the small number of
State-operated hospitals, we present only the median and range for each unit type. With
one exception, State-operated hospitals were staffed at a level very similar to general
acute care hospitals.

Estimated FTE Deficits

Estimated nursing FTE deficits for general acute care hospitals are presented in
Tables 4a, 4b, and 4c. These tables represent three different scenarios for how hospitals
might respond to AB394 standards. Under scenario 1, we assume that nurse-staffing
regulations would be imposed uniformly on all shifts, and that hospitals would not
reassign nurses from shifts staffed above the required level to shifts staffed below that
level. In other words, if day shifts are currently staffed at a higher level, and night shifts
are staffed at a lower level than the proposed AB394 standard, we assume that hospitals
would maintain current day shift staffing and hire additional nurses for night shifts. Such
behavior would be expected if current day shift staffing is at an equilibrium level
determined by patient acuity and the perceived demand/need for nursing care.

Under scenario 2, we assume that hospitals would reassign nurses from shifts
staffed above the required level to shifts staffed below that level on the same day. In
other words, if day shifts are currently staffed at a higher level, and night shifts are
staffed at a lower level than the proposed AB394 standard, we assume that hospitals

~ would transfer nurses from day shift to night shift. Of course, the extent of such

redistribution may be limited by patient acuity needs, as estimated by the hospital’s
Patient Classification System. In addition, hospitals may incur costs in transferring staff
between shifts, either because of shift differentials in hourly pay or because of attrition of
existing staff unwilling to transfer to night shift; these costs could not be estimated.

Under Scenario 3, we assume that hospitals would reassign nurses from any shift
staffed above the required level to any other shift (on the same unit) staffed below that
level. In other words, if weekday shifts are currently staffed at a higher level, and
weekend shifts are staffed at a lower level than the proposed AB394 standard, we assume
that hospitals would transfer nurses from weekday to weekend shifts. This scenario
represents the absolute minimum impact of the AB 394 standards, under the assumption
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that all affected hospitals choose to reallocate their nursing staff in a pure cost-
minimizing manner, and are permitted to do so by the hospital’s Patient Classification
System. However, it seems unlikely that a hospital could adjust its staffing in such a
flexible manner over a long period (i.e., 3 to 4.5 months in our study). For example,
understaffing in the January influenza season could not plausibly be remedied by forcing
full-time nurses to work overtime in January, laying them off in April or May, and then
rehiring them to work overtime later in the year. If a hospital relied on registry personnel
to achieve such flexibility, it would pay more for the agency’s administrative overhead,
thereby offsetting the potential savings under scenario 3.

} The total nursing FTE deficit under scenario 1 was estimated at 30,000 (90% CI,
25,009-34,984) for the CNA proposal, 18,420 (90% CI, 15,082-21,763) for the SETU
proposal, 610 (90% CI, 3856-840) for the CHA proposal, 4,880 (90% CI, 3,944-5,818)
for the first phase of the CDHS proposal, and 7,230 (90% CI, 5,931-8,534) for the second
phase of the CDHS proposal. The total deficit under scenario 2 was minimally less for
the CNA (29,600) and SEIU (17,900) proposals, because transfers across shifts would not
remedy the substantial nurse staffing deficits that would be created by implementing
these proposed standards. The total deficit under scenario 2 was somewhat less for both
the CHA (290) and CDHS (3,940 in the first phase, 6,240 in the second phase) proposals.
If the CDHS draft proposal is implemented, general acute care hospitals operating under
scenarios 1 and 2 in California would initially need to hire 690-830 postpartum or labor
and delivery nurses, 630-840 stepdown or telemetry nurses, 700-1,030 medical or
surgical nurses, about 220 ED nurses, 470-490 pediatric nurses, 70-100 oncology nurses,
280-370 psychiatric nurses, about 270 postanesthesia nurses, and 620-740 nurses for
mixed units. In the second phase, they would need to hire 1,360-1,420 additional
medical or surgical nurses, and 930 — 950 additional nurses for mixed units.

Tables 4e, 4f, and 4g show the comparable estimates of nursing FTE deficits for
State-operated hospitals. We could not estimate confidence intervals because all State-
operated hospitals were surveyed. Although our estimates are still subject to uncertainty
because staffing data were only collected for 17-18 days, these days were pre-selected as
a representative sample of the survey season rather than a truly random sample, making it

impossible to estimate confidence intervals. If the CDHS draft proposal is implemented, - -

State-operated hospitals operating under scenarios 1 and 2 would need to hire 5-6
medical or surgical nurses, 16-19 psychiatric nurses, and 1-6 nurses for mixed units.

Estimated Financial Impact

The financial impact of these nursing FTE deficits on general acute care hospitals
in California is presented in Tables 5a, 5b, and 5¢. Under the most costly scenario (1),
implementation of the CNA proposal would cost hospitals $2.000 billion per year in
additional nursing labor costs. Implementation of the SEIU proposal would cost
hospitals $1.227 billion per year, whereas the CHA proposal would cost hospitals $41
million per year. We estimated the overall cost of the CDHS proposal to general acute
care hospitals as $330 million per year in the first phase, and $487 million per year in the
second phase (i.e., a $157 million increase in annual costs over the first phase). Under
scenario 2, the financial impact of the CNA, SEIU, CHA, and CDHS proposals would
fall to $1.974 billion, $1.192 billion, $19 million, and $267 million ($420 million in the
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second phase), respectively. All of these estimates were based on 1998-1999 skill mix
and 1999-2001 nursing compensation rates, and incorporate all of the assumptions
described in the Methods section.

These costs may be partially offset by a number of efficiencies, such as improved
patient outcomes. It is exceedingly difficult to estimate the magnitude of this offset.
However, two major studies have examined the association between nurse staffing and
mean length of stay. Lichtig [3] reported that among 352 acute care hospitals in
California in 1992, each additional hour of licensed nursing care per patient day, adjusted
for acuity using Nursing Intensity Weights, was associated with a 4.8% decrease in
geometric mean length of stay. Among 295 California hospitals in 1994, each additional
hour of licensed nursing care per acuity-adjusted patient day was associated with a 5.4%
decrease in geometric mean length of stay. Needleman et al.[4], using 1997 data from 11
states, reported an acuity-adjusted decrease in length of stay of 9.4% among medical
patients and 1.0% among surgical patients with each additional licensed nurse hour per
patient day. Using California data, the effects were similar (9.3% and 2.7%,
respectively), but not statistically significant. Based on these two studies, we may expect
to see an overall reduction of about 5% in mean length of stay in the-acute care setting,
due to changes in the process of care with higher nurse staffing.

Sovie and colleagues [5] implied (but did not clearly show) that RN work hours
per patient day were uncorrelated with total, regionally-adjusted labor costs per discharge
at academic medical centers, suggesting that the shorter mean length of stay and other
efficiencies (e.g., reduced utilization of unlicensed personnel) may fully offset higher
nursing labor costs. However, it is very hazardous to extrapolate findings from cross-
sectional data on relatively well-staffed academic centers to an entire state. Hospitals
with higher nursing labor costs may have lower non-nursing labor costs in cross-sectional
data, but this equilibrium may require several years to achieve. Any offsetting savings
from lower non-nursing labor costs are probably modest in the short run, but may be
substantial in the long run. Further analyses of this possibility are now underway,
integrating data from OSHPD’s Annual Hospital Disclosure Report and the CDHS
Survey.

Discussion

In summary, we collaborated with CDHS L&C staff on a survey of a stratified
probability sample of 80 general acute care hospitals, and a complete sample of ten State-
operated hospitals, in California. This survey provides valuable data about current
staffing patterns in California hospitals, because detailed information was collected from
all non-critical care units and because 100% of sampled hospitals participated. Our key
conclusions are: '

L. Acute care hospitals in California have diverse nursing staffs with a variety of
educational qualifications, employment statuses, and experience. Most types of
units rely about equally upon BSN and AA graduates. Although full-time nurses
represent at least half of the staff in most types of units, emergency departments,
psychiatric units, and postpartum units rely quite heavily on part-time and per
diem nurses. Average experience is very high for RNs in labor and delivery,
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postpartum, and postanesthesia units. Nurses in subacute, combined stepdown/
telemetry, and oncology units are the least experienced, on average. These data
confirm that a substantial percentage of inpatient nurses, outside subacute and
specialty units, are likely to retire in the next decade.

Acute care hospitals also vary widely in the number of patients per licensed nurse,
across most types of units. Staffing levels are relatively homogeneous on labor
and delivery (interquartile range, 0.9-1.3) units, whereas they are relatively
heterogeneous on postpartum (interquartile range, 4.0-6.4), psychiatric
(interquartile range, 3.5-6), subacute (interquartile range, 5.5-10.7), and mixed
(interquartile range, 3.7-6) units. Average staffing levels observed in this survey
were generally similar to average staffing levels estimated in Section II from
OSHPD Hospital Disclosure reports, although staffing for some types of units
could not be estimated from OSHPD data. The major exception was subacute
units, for which we estimated a median of 5.6 patients per nurse from OSHPD
data, but we observed a median of 7.2 patients per nurse in this survey.

The nursing FTE deficits estimated from this survey are substantially greater than
those estimated in Section II using OSHPD Hospital Disclosure reports. We
attribute this difference principally to the fact that the former estimates are based
on separate tallies of nursing deficits at the beginning of each shift, whereas the
latter estimates are based on average staffing levels (over an entire year) for all
units of the same type within a hospital. With variability in nurse staffing across
shifts and days, a hospital may be adequately staffed (relative to a proposed
standard) on average, but staffed below the required level on up to about half of
all shifts. However, even these estimates may be too low if AB 394 standards are
applied, as proposed, at the individual nurse level rather than the unit level. Some
units that are in overall compliance with the proposed patient-to-nurse ratio are
likely to have individual nurses with assignments that exceed the allowed size,
due to differences in nursing experience and patient acuity.

Specifically, the CNA proposal would require acute care hospitals in California to
hire as many as 30,000 additional nurses, if hospitals are not allowed or choose

 not to redistribute staff who are currently working on shifts that are more

generously staffed than the regulations would allow. The CDHS proposal would
require acute care hospitals in California to hire approximately 4,880 additional
nurses in the first phase, followed by about 2,350 more nurses in the second
phase, under the same assumption. We are 90% confident that the number of
additional nurses to be hired will not exceed 5,820 in the first phase, or a total of
8,534 by the beginning of the second phase. The cost of hiring these additional
nurses will be about $330 million per year in the first phase, and about $487
million per year in the second phase, at 1999-2000 wage and fringe benefit rates.

The results of our sensitivity analysis indicate that hospitals may be able to lower
the financial impact of the proposed regulations to as little as $214 million per
year (in the first phase) by: (a) redistributing nurses from day shifts to night shifts,
or (b) redistributing nurses from days that appear to be staffed above the required
level to days that appear to be staffed below the required level. Of course, the
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extent of such redistribution may be limited by patient acuity needs, as estimated
by the hospital’s Patient Classification System. Hospitals may also employ other
cost-saving strategies not evaluable using our data, such as floating nurses more
often from better-staffed units to less well staffed units, reducing mean length of
stay, and reducing non-nursing personnel costs, such as nursing assistants,
technicians, and unit clerks. On the other hand, we were also unable to estimate
additional costs that could result from recruiting, hiring, training, and managing
more nurses, and from demand-induced increases in nursing wages.

Our survey-based estimates of nurse staffing and nursing FTE deficits in labor
and delivery units, emergency departments, and postanesthesia units are less
reliable than our estimates for other units, and do not provide the optimal
information needed to set standards for these units. Additional research would be
needed to better understand staffing patterns in these high-turnover units.
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Appendix | Table A. The Nursing Evidence Report Advisory Committee

Debbie Aspling, RN, MSN
Nurse Administrator

Lodi Memorial Hospital
Lodi, California

Zona Freeman, RN, MScN
Assistant Nurse Manager
Sutter Health

Carmichael, California

Jennifer Jacoby, RN, MSN

Vice President, Patient Care Services Administration
Sharp Memorial Hospital ‘
San Diego, California

~ Gerald Kominski, PhD
Professor
UCLA School of Public Health
Department of Health Services
Los Angeles, California

Carol Robinson, RN, MPA

Associate Director, Hospital and Clinical Patient Care Services
UC Davis Medical Center Hospital,

University of California, Davis

Sacramento, California

Margaret D. Sovie, RN, PhD -
Professor of Nursing Administration
School of Nursing

University of Pennsylvania
Philadelphia, Pennsylvania

Hospital Nurse Staffing and Quality of Care
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Appendix | Table B. Strategies for the Literature Searches:
w) Quantitative Summary of the Electronic Database and
Hand Searches

The results of the search strategies of the PubMed, CINAHL, ABI/Inform, Web of
Science databases, and hand searches of bibliographies, are summarized below. Totals of
citations reviewed are results unduplicated by other searches.

Total Citations
Search Document Unduplicated | Retrieved
or Database Source Type and Search Criteria Citations and
Reviewed Abstracted
IOM (Wunderlich, Sloan, | Bibliography 441 19
Davis, Eds). 1996.
Nursing Staff in Hospitals
and Nursing Homes, Is It
Adequate? National
Academy Press.
Sovie, Gift, Jawad, Bibliography 124 27
Stratton, Wallace, Aiken,
Reed 2000. Hospital
Restructuring’s Impact on
Outcomes. National
Institute of Nursing
Research Study.
J PubMed Search 1 1. Personnel Staffing and Scheduling 54 24
2. ratio OR ratios
3. nurse OR nurses OR nursing
4.#1 AND #2 AND #3
5. ratio [ti] OR ratios [ti]
6. patient OR patients
7. nurse [ti] OR nurses [ti] OR nursing [ti]
8. #5 AND #6 AND #7
9.#4 OR #8
PubMed Search 2 1. Nursing Staff OR Nursing Service 156 22
2. Personnel Staffing and Scheduling [majr]
3.#1 AND #2
4. nurs* [ti] AND staff* [ti] AND level* [ti]
5.#3 OR #4
6. Limits: Publication Date from 1995 to 2000, English
PubMed Search 3 1. Nursing Staff/supply & distribution 461 111
' 2. Personnel Staffing and Scheduling {majr]
3. #1 AND #2 NOT Nursing Homes NOT Intensive Care
Units
4. Limits: Publication Date from 1990 to 2000, English
ABV/Inform f su nurses and su hospitals and su workforce planning 63 13
Web of Science (nurse OR nurses OR nursing) AND (patient OR patients) * | 12 8
AND (ratio OR ratios) (Limited to title words)
(nurse OR nurses OR nursing) AND (staff OR staffing)
‘ AND (ratio OR ratios) (Limited to title words)
Hospital Nurse Staffing and Quality of Care 2
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Appendix 1: Table A

Total Citations
Search Document Unduplicated | Retrieved
or Database Source Type and Search Criteria Citations and
Reviewed Abstracted

CINAHL nurse$ with patient$ with ratio$ (as text words) 160 19

$ = truncation symbol

with = requires the words to be within the same sentence
CDL Melvyl exact subject Nursing Staff--supply & distribution [or] 47 30

exact subject

Nurses--Supply and demand--United States [and-not] exact

subject Nursing

homes
Jacoby Bib 10 10
Peggy’s Internet Pubmed Search 1: “P. Buerhaus” (2 results) 28 28

Pubmed Search 2: “Intensive Care” (10 results)
(Aiken 2000) “related articles” via PubMed 103 25
Lichtig, Rowell, Knauf 2000. Nurse | Bibliography 14 5
Staffing and Patient Outcomes in the
Hospital Inpatient Setting.
Unpublished mss. as of 4/01
Spetz, Seago, Coffman, Rosenoff, Bibliography 68 4
O’Neil 2000. (UCSF Study)
Minimum Nurse Staffing Ratios in
California Acute Care Hospitals.
California. Sponsored by:
HealthCare Foundation
Other References Identified from Articles Reviewed for Abstraction: (Blegen & Goode, | 100 98
Baker, Bordoli, Chang, Davis, Flood & Diers, Fridkin, Gosnel, Kraphol, Mitchell, Reed,
Blegen & Vaughn, Miscellaneous)
THSP search for CNA: 947+57+20 | 24
"RN Staffing Ratios: Initial =1024
Bibliographic Compilation" (947
items), “Registered Nurses and Skill

‘| Mix” (57 items), reference listin | | 7
personal communication 4/27/00
TOTAL 2870 456
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Appendix | item C '

EFFECTS OF NURSE STAFFING I
Data Abstraction Form

[1]UI#: [2]Included/Excluded (/X) _ -
[3]Author, date:
[4]Journal:
[5]Title:

[6]Abstractor’s initials;

ELIGIBILITY CRITERIA

(All criteria must be met to include)

[71 Y N  Describes original research; reports methods of data collection and analysis
B8] Y N Describes research conducted in the US
[91 Y N  Involves acute-care or psychiatric hospitals (excluding ICU and long-term care units)

[10] Y N  Reports a measure of nurse staffing (nurse-to-patient ratio, skill mix)

THE STUDY FOCUS

Classes of endpoints examined (Check all that apply):
[11] __ patient outcomes (e.g., skin integrity, nosocomial infections, falls)
[12] ___ employee endpoints (e.g., retention, job satisfaction, job safety)
[13] ___ institutional endpoints (e.g., personnel costs, LOS, financial viability)
[14] __ unclear
[15] ___ other:

[16,17,18] Relevant research question(s)/hypothesis (list up to three):

Hospital Nurse Staffing and Quality of Care 1
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Appendix | Item C
Number of institutions, by type
f) [19] __ University hospital/academic medical center
‘ [20] __ Non-university hospital
[21]_ Non-university, teaching
[22] __ Non-university, non-teaching
[23] ___ VA hospital
[24] __ Psychiatric hospital
[25] ___ Children’s hospital
[26] ___ Other:
[27] ___ Not reported /unclear

Number of institutions, by size

[28] ___ Very large (>500 beds)

[29] ___ Large (>300 beds, <500 beds)

[30] __ Medium (>100 beds, <300 beds)
[31] __ Small (100 beds)

[32] __ Not reported/unclear

0

Number of institutions, by location:

[33] ___ Urban
[34] __ Suburban
[35] __ Rural

[36] __ not reported/ unclear

Unit of observation, by number of units
[37]1 ___ Institutions
[38] ____ Nursing units
[39] ___ Licensed nursing personnel
[40] ___ Nurse practitioners
[41] __RNs
[42] ___ LPNs, LVNs, Licensed Psychiatric Technicians

[43] __ Unlicensed assistive personnel
/) [44] __ Patients
[45] ___ Other:

Hospital Nurse Staffing and Quality of Care
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Appendix | Item C
Number of nursing unit(s), by type

\‘) [46] ___ Combined general med-surg
[47]1 ___ General medical care
[48] ’__ General surgical care
[49] ___ Emergency department
[50] __ Gynecology
[51] ___ Intermediate care (step-down unit)
[52] ___ Labor and delivery
[53] ___ Neurology
[54] ___ Oncology
[55] ___ Orthopedics
| [56] ___ Pediatric
[57] __ Perinatal, including newborn nursery
[58] ___ Postanesthesia
' [59] ___ Psychiatric/behavioral health
) [60] ___ Rehabilitation
[61] ___ Telemetry unit

[62] __ Transplant

' [63] other:
[64] other:
[65] other:

[66] ___ Not reported/unclear

STUDY DESIGN
Study design:

[67] ___ retrospective (data collected before research question was posed)
[68] ___ cross-sectional survey

[69] ___ prospective (data collected prospectively, after question was posed)

Nurse staffing measure(s) reported (nurse-patient ratio; hours worked)

J [70] Numerator/denominator (units):

Hospital Nurse Staffing and Quality of Care
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Appendix | Item C

[71} Numerator/denominator (units):

[72] Numerator/denominator (units):

Skill mix

[73] Defined as: (numerator/denominator)

Record values when held constant throughout study (include ranges):
[74] ___ % RN
[75] __ % LVN, LPN, LPT
[76] __ % UAP
[77] __ % Other

Analysis adjusted for:

[78] Y N patient acuity/case mix [If no, note under internal validity]
[79] Y N skill mix [If no, note under internal validity]

[80] other:
[81] other:
[82] other:

[83] Duration of study (months):

Quality Evaluation

Internal validity

[84] ___ Study design (2 = prospective; 1 = retrospective; 0 = cross-sectional)
- [85] __ Unit of reporting (2 = each unit; 1 = class of unit; 0 = larger grouping)
[86] ___ Potential for bias: (2 =low; 1 = moderate; 0 = high)

[87] Notes:

Generalizability
[88] __ Date data collected (2 = 1995 or later; 1 =1990-94; 0 = 1989 or before)

[89] __ Number of hospitals included (2 =10 or more; 1 =2t09; 0= 1)
[90] __ Number of nursing units studied (2 =10 or more; 1 =4t09; 0 =1 to 3)

[91] Notes:

Hospital Nurse Staffing and Quality of Care
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Outcome variable(s):

Variable How Reported Source of Data
[92]1. [93] [94]
[95] 2. [96] [97]
[98] 3. [99] [100]
[101] 4. [102] [1'03]
[104] 5. [105] [106]
[107] 6. [108] [109]
[110] 7. [111] [112]
[113] . TI4] ]
[116]9. [117] [118]

Hospital Nurse Staffing and Quality of Care
Appendix 1: Abstraction Form



Appendix | Item C

RESULTS

Results associated with variations in nurse-patient ratios or in skill mix:

Result Size of Effect
(#,4,1,P, B, etc.)
[119]1. [120]
[121] 2. 22]
[123] 3. [124]
[125] 4. [126]
[127] 5. [128]
[129] 6. - [130]
[131]7. | } [132]
R T
[135]9. [136] -
[137] 10. [138]

Hospital Nurse Staffing and Quality of Care
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Resulte NOT associated with variations in nurse-patient ratios or in skill

mix:
Result Size of Effect
(#, A, 1, P, B, etc.)

[139] 1. \ : [140]
[141] 2. [142]
[143] 3. , [144]
[145] 4. [146]
[147]5. , [148]
[149] 6. [150]
[151]7. (152]
[153] 8. - [154]
[155]9. [156]
[157] 10. [158]

Hospital Nurse Staffing and Quality of Care
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Appendix | ltem C
Stated Limitations of the Study

[159] 1.

[160] 2.

[161] 3.

[162] 4.

[163]5.

[164] 6.

[165]7.

[166] 8.

[167]9.

[168] 10.

[169] Notes:

Hospital Nurse Staffing and Quality of Care
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Empirical Analysis of OSHPD Data

CD Rom, on file with Licensing and Certification.
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Appendix lll Table A. The Expert Panel

Moderator Institution Nomination Source
Kathleen Dracup, RN, FNP, DNSc | UC San Francisco Project staff
School of Nursing
Panelist Institution Nomination Source
University of
Mary Blegen, RN, PhD Colorado School of | Project Staff
Nursing ‘
UC San Diego Peri-Anesthesia Nurses
Susan Carter, RN Medical Center Association/CA
Sharp Mary Birch
Mary Henrikson, RN, MN Hospital for Women, | ACOG
San Diego
Mercy Hospital of .
Cherry Hicks, RN, MS, CNS Folsom Academy of Medical
Surgical Nurses
: John Muir/Mount Integrated Healthcare
Beverly Jones, RN, MPS Diablo Health System | Association
. Arrowhead Regional Emereency Nurses
Denise King, RN, MS Medical Center A gency
ssociation
The Permanente
Philip Madvig, MD Medical Group ' Igltegr gte.d Healthcare
ssoclation
, NorthBay Health
Cathy Melter, RN, MSN System ANA/C
Valley Children’s e g
Sharon Norman, RN Hospital Pediatric Clinical

Nurse Specialists

Hospital Nurse Staffing and Quality of Care
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Appendix Ill Table B. Definitions of Key Indicator Terms, Approved by the Expert Panel
(for reference citations, see Section I: List of Abstracted Articles)

Term

Definition

Absenteeism

Failure to report for a scheduled day of work (Taunton 1994).

Adjusted nursing costs/unit
workload

Normalize nursing costs by acuity weighted patient day; including
dollars spent on salary and benefits for nursing personnel providing
direct patient care. Indirect nursing costs associated with administration
and management of the units are excluded. (Glandon 1989).

Administrative data

Insurance claims, billing records, or hospital discharge data.

Assault of staff

The act of a patient (intentionally) physically attacking or restraining
another person with part of his or her body or an object. (Lanza,1995)

Clinical data

Chart review or a prospective event capture system (e.g., incident
reporting).

Complications caused by
medical equipment misuse or
malfunction

Medical injuries (requiring additional diagnostic or therapeutic
procedures and/or increased length of stay) resulting from misuse or
malfunction of medical devices or equipment; excludes infections.

Failure to rescue

Death among patients with hospital acquired complications such as

shock, sepsis, pneumonia, deep vein thrombosis, pulmonary embolism,
or hemorrhage.

Fall rates

Number of falls (patient coming to rest unintentionally on floor), with or
without injury, per 1000 patient days (Sovie 2000).

Fall rates among medical
patients

Same as-above but limited to patients with medical diagnoses/DRGs.

Fall rates among surgical
patients

Same as above but limited to patients undergoing surgery dunng the
index admission.

Hospital-acquired pneumonia

Pneumonia (clinician documentation, or pulmonary infiltrate plus either
fever>38.3 or wbc>10k) occurring more than 48 hours after admission.

Hospital-acquired pneumonia,
post-operative patients

Same as above, but denominator limited to patients undergoing maJ or
surgery during same admission.

Hospital length of stay (all
patients)

Geometric mean LOS (Flood 1988, ANA 1997), excluding routine
DRGs that apply to uncomplicated vaginal delivery.




Medication administration
error rates

Number of instances (per 1000 doses administered or per 1000 patient
days) of the following problems: wrong dose, duplicate dose, omission
of dose, error in transcription, wrong route, wrong patient, wrong
solution, wrong timing, inappropriate continuation, wrong drug,
administration to patients with allergies. (Blegen, Goode & Reed 1998;
Blegen & Vaughn 1998).

Metabolic derangement

Metabolic derangements are broadly defined as clinically significant
alterations in serum electrolyte or blood glucose values.

Nosocomial infections

[The panel recommends use of CDC definitions of nosocomial
infections].

Nosocomial pressure ulcers

New cases of skin breakdown, not present on admission, due to pressure
(modified from Blegen, Goode & Reed 1998). [The panel recommends
the use of AHCPR definitions].

Nosocomial urinary tract
infections

Culture-proven urinary tract infection not documented or suspected
within 72 hours of admission (modified from Sovie 2000).

Nurse satisfaction

Job satisfaction expressed by nurses working hospital settings as
determined by scaled responses to a uniform series of questions designed
to elicit nursing staff attitudes toward specific aspects of their
employment situations (ANA Nursing Quality Indicators, 1999).

Nursing personnel costs per
patient day

Licensed nurse costs (wages, benefits, cost of orientation, cost of
training, recruitment) / Patient days.

Patient satisfaction

Patient opinion of care received from nursing staff during the hospital
stay as determined by scaled responses to a responses to a uniform series
of questions designed to elicit patient views regarding key elements of
nursing care services. (fromANA Nursing Quality Indicators, 1999).

Patient satisfaction with pain
management

Patient opinion of how well nursing staff managed their pain as
determined by scaled responses to a uniform series of question designed
to elicit patient views regarding specific aspects of pain management
(from ANA Nursing Quality Indicators, 1999).

Pulmonary failure

Pulmonary failure is defined as respiratory compromise requiring
mechanical ventilation or as documented by hypoxemia (p02<60)
hypercarbia (pC02>50).

Rates of bacteremia associated
with sites of central lines

Number of laboratory confirmed bacteremic episodes associated with
sites of central lines per a) number of lines placed or b) 1000 patient
days (ANA Nursing Quality Indicators, 1999).

Hospital Nurse Staffing and Quality of Care 2
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Rates of gastrointestinal
hemorrhage following surgery

Number of patients experiencing significant gastrointestinal hemorrhage
(documented GI bleeding plus transfusion of >= 2 units of packed red
blood cells) per 1000 surgical operations (modifed from Kovner &
Gergen 1998).

Rates of venous thrombosis

Number of venous thromboembolic events occurring at least 72 hours
after admission (Kovner & Gergen 1998).

Risk-adjusted mortality,
overall

Inpatient mortality adjusted for mortality risk using APR-DRGs and
mortality classes.

Risk-adjusted mortality,
COPD

Inpatient mortality among patients admitted for COPD, adjusted for
mortality risk using APR-DRG mortality class.

Significant injuries

Significant adverse event=injury caused by nursing care that results in at
least temporary disability, increased length of stay, or need for additional

diagnostic or therapeutic procedures (modifed from Brennan et al.
1991).

Surgical complications

Aggregated rates of the following events, excluding patients likely to
have the adverse event as a direct consequence of their primary
diagnosis: a) venous thrombosis or pulmonary embolism after major
surgery; b) venous thromboembolism after invasive vascular procedure
;) urinary tract infection after major surgery; d) pneumonia after major
surgery; €) pneumonia after an invasive vascular procedure (Kovner &
Gergen, 1998).

Surgical wound infections

Infection at the site of surgery documented before hospital discharge or
within 3 weeks of the operation. (Surgery must have been performed
during index admission.)

Testing error rates

Number of instances (per 1000 tests ordered or per 1000 patient days) of
diagnostic tests performed but not requested by physician plus tests
requested by physician but not performed (extrapolated from Wan
1987). .

Turnover

Number of licensed nurses who have left the institution in a 1-year
period.

Vacancy rates

Number of vacant licensed nurse FTEs / Number of available or
budgeted licensed nurse FTEs.

Use of mandatory overtime

Number of overtime hours paid, as mandated by the employer.

Use of overtime

Number of overtime hours paid.

Hospital Nurse Staffing and Quality of Care v 3
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DHS Licensing and Certification Onsite Nurse Staffing Study

Selection Table #:

Cover Sheet

1. Study Administration Date

/

/

2. Surveyor Name

Date (MM/DD/YY) Surveyor ID
3. Hospital 4. Hospital
START Time . END Time = .

3 AM PM

I

AM PM

S. Hospital Administrative Contact

6. Contact Phone Number

7. Please tell me the acuity system utilized in this hospital. (Select one of the following baséd on
the hospital administrator's response. This question is not applicable to ED units.)

dccr

O GRASP

[J Medicus

[0 San Joaquin
O TISS

[0 Mediteck

] APACHE

O Evalysis

O Intermountain

0O PINI

[0 Own Hospital Acuity System (Specify) ‘

0 Other (Specify) '

L

Unit Code (capital letter only)




I 5414315205

% 8. Do you use a separate acuity system for the psychiatric unit?

UYes ONo [ Not Applicable

If "Yes," say: Please name the separate acuity system your hospital utilizes for the
psychiatric unit:

9. Hospital Changes Say: One of the resources we are using to determine nurse-staffing ratios is
the Office of Statewide Health Planning and Development (OSHPD) Hospital Disclosure Report
Data. Unfortunately, the latest data set available to the public for review from OSHPD is for the
1998-1999 year. In order to explain any discrepancies we may find between the 1998-1999
OSHPD Hospital Disclosure Report Data and the DHS Licensing and Certification Nurse Staffing
Study data, we would like to ask you a question regarding possible hospital-wide changes that
may have occurred. Have any major changes occurred between 1999 and the present time that
would affect nurse-staffing levels at your hospital? An example of the type of major changes we
are referring to would be a change from primary care nursing to team nursing in the hospital units.

None given: D

10. Notes:

Unit Code (capital letter only)
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3

SAY: I would like to ask you about the hospital units in this facility. By units, we mean a
designated patient-care area of the hospital which is planned, organized, operated, and maintained to
function as a unit. It includes patient rooms with adequate support facilities, services, and personnel
providing nursing care and necessary management of patients. I will provide definitions of each
unit type. For the purposes of the study, each unit must contain ONLY BEDS DEDICATED TO
THE TYPE OF CARE DESCRIBED IN THE DEFINITION. Even if you do not have the types of
units I refer to, I must ask you about each one. If you do not have a particular type of unit, I will ask
you if you locate those beds in another area.

Please answer "Yes" only if you have at least one of the following unit types. Following this
inventory, I will select the units to be surveyed. Then I will ask you where these units are located.

Circle Y or N for each Question. Circle Question numbers as directed. Skip if directed.

SAY: First, I will ask you about perinatal services. I will ask you if you have a designated labor
and delivery unit, then if you have a designated post-partum unit, then if you have a unit designated
as a combination labor and delivery and post-partum unit:

Do you have a labor and delivery unit? By labor and delivery unit, I mean an area
designated only for the care and management of mothers and newborns in the immediate
antepartum, intrapartum, and initial post-partum recovery period.

Y N If Yes, circle Al and skip to Bl
If No, go to A2.
A2. IfNo, do you have labor and delivery beds elsewhere in the hospital?
Y N If Yes, obtain A3 info and circle A3
If No, go to B1.
A3, Please provide the name of the area:
A4. Notes:

Unit Code (capital letter only)
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B1.

B2.

B3.

B4.

C1

C4.

Do you have a post-partum unit? By post-partum unit, I mean an area designated only for
the care and management of mothers and newborns for extended post-partum recovery.

Y N If Yes, circle B1 and skip to C1
If No, go to B2.

If No, do you have post-partum beds elsewhere in the hospital?

Y . N If Yes, obtain B3 info and circle B3
If No, go to C1.

Please provide the name of the area:

Notes:

Do you have a combination labor and delivery and post-partum unit?

Y N

Notes:

SAY: Now I will ask you about step-down and telemetry units. First I will ask you if you have a
designated telemetry unit, then if you have a unit designated as a combination step-down and
telemetry unit:

D1.

D3.

Do you have a step-down.unit? By step-down unit, I mean an area designated only for the
care and management of patients requiring less care than standard intensive care, but more
than that which is available from medical-surgical care.
Y N If Yes, circle D1 and skip to E1

If No, go to D2.

D2. IfNo, do you have step-down beds elsewhere in the hospital?

Y ' N If Yes, obtain D3 info and circle D3
If No, go to E1.

Please provide the name of the area:

D4. Notes:

Unit Code (capital letter only)
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E1.

E3.

F1

Do you have a telemetry unit? By telemetry unit, I mean an area designated only for
electronic monitoring and transmission, to a distant recorder or observer, of physical
phenomena, specifically the electronic monitoring of cardiac function.
Y N If Yes, circle E1 and skip to F1

If No, go to E2.

E2. If No, do you have telemetry beds elsewhere in the hospital?

Y N . If Yes, obtain E3 info and circle E3
If No, go to F1.

Please provide the name of the area:

E4. Notes:

Do you have a combination step-down and telemetry unit?

Y N

F4. Notes:

SAY: Now I will ask you about medical and surgical units. First I will ask you if you have a
designated medical unit, then if you have a designated surgical unit, then if you have a unit designated
as a combination medical/surgical unit.

Gl1.

G3.

Do you have a medical unit? By medical unit, I mean an area designated only for patients
with varied medical conditions whose care can be managed in a non-critical setting.

Y N If Yes, circle G1 and skip to H1

If No, go to G2.

G2. If No, do you have medical beds elsewhere in the hospital?

Y N If Yes, obtain G3 info and circle G3
If No, go to H1.

Please provide the name of the area:

GA4. Notes:

Unit Code (capital letter only)
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% H1. Do you have a surgical unit? By surgical unit, I mean an area designated only for patients
with varied surgical conditions whose care can be managed in a non-critical care setting.

Y N If Yes, circle H1 and skip to I1
If No, go to H2.

H2. IfNo, do you have surgical beds elsewhere in the hospital?

Y N If Yes, obtain H3 info and circle H3
If No, go to I1.
H3. Please provide the name of the area:
H4. Notes:
nn Do you have a combination medical and surgical unit?
Y N
14. Notes:

’ - SAY: Now I will ask you about other hospital units.

J1. Do you have an emergency department? By emergency department, I mean an area
designated only for the care of patients with urgent and emergent medical problems.

Y N If Yes, circle J1, answer J1a, and skip to K1
' If No, go to J2. C e

Jla.  Is this emergency department licensed as: [ Stand-by O Basic [ Comprehensive

J2.  IfNo, do you have emergency elsewhere in the hospital?

Y N If Yes, obtain J3 info and circle J3
If No, go to K1.
J3. Please provide the name of the area:
J4. Notes:

Unit Code (capital letter only)
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% K

L1.

L3.

Do you have a pediatric unit? By pediatric unit, I mean an area designated only for pediatric
patients with varied medical and surgical conditions whose care can be managed in a
non-critical care setting.
Y N If Yes, circle K1 and skip to L1

If No, go to K2.

K2. IfNo, do you have pediatric beds elsewhere in the hospital?

Y N If Yes, obtain K3 info and circle K3
If No, go to L1.

Please provide the name of the area:

K4. Notes:

Do you have a designated oncology unit? By oncology unit, I mean an area designated only
for the care and management of patients with neoplasms/tumors.

Y N If Yes, circle L1 and skip to M1
If No, go to L2.

L2. IfNo, do you have oncology beds elsewhere in the hospital?

Y N If Yes, obtain L3 info and circle L.3
If No, go to M1.

Please provide the name of the area:

L4. Notes:

Unit Code (capital letter only)
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Mi1.

M2.

Ma.

M4.

N1.

N3.

Do you have a designated psychiatric unit? By psychiatric unit, I mean an area designated
only for the care and management of mentally disordered patients.

Y N If Yes, circle M1 and skip to N1
If No, go to M2.

If No, do you have psychiatric beds elsewhere in the hospital?

Y N If Yes, obtain M3 info and circle M3
If No, go to N1.

Please provide the name of the area:

Notes:

Do you have a designated subacute/transitional inpatient unit? By subacute/transitional
inpatient unit, I mean an area designated for the management of patients who need

continuing care, especially those services for tracheostomy and ventilator patients, and for
transition to long-term care at the skilled nursing level.

Y N If Yes, circle N1 and skip to O1
If No, go to N2.
N2.  If No, do you have subacute/transitional inpatient beds elsewhere in the hospital?
Y N If Yes, obtain N3 info and circle N3
If No, go to O1.

Please provide the name of the area:

N4. Notes:

Unit Code (capital letter only)
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O1. Do you have a postanesthesia unit? By postanesthesia unit, I mean an area designated for
the management of patients in recovery from the effects of anesthesia.

Y N If Yes, circle O1
If No, go to O2.

02. IfNo, do you have postanesthesia beds elsewhere in the hospital?

Y N If Yes, obtain O3 info and circle O3
If No, end
03. Please provide the name of the area:
04. Notes:

Review the inventory. If X1 is circled, it means that the hosptial has a designated unit or units of
that type. If X3 is circled, it means that the hospital has beds of that type in a Mixed Unit

3 somewhere else.

For all "YES" answers to questions X1, circle these unit types on the Unit List and Selection
Form. If the repondent has answered "Yes" to any X3 questions, prepare to transfer these area
names to the Mixed Unit portion of the Unit List and Selection form. Do not duplicate entry of
unit designations. : - ' ‘

Unit Code (capital letter only)
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Unit List & Selection Form

3

Fill out form, then go to a private area to perform the unit selection.

A. LABOR AND DELIVERY ONLY

.Number Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 5.
3 6.
Total Units Listed Select Unit
— —

Location and Contact Information for Selected Unit:

3 B. POST PARTUM ONLY
' Number Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 5.
3 6.
Total Units Listed Select Unit
— | F——

Location and Contact Information for Selected Unit:

Unit Code (capital letter only)




I 2031315207

C. COMBINED LABOR & DELIVERY /POST-PARTUM

Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location

1 4.
2 5.
3 6.
Total Units Listed , Select Unit
—J | I

Location and Contact Information for Selected Unit:

D. STEP-DOWN
Number Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 S.
3 6.
Total Units Listed Select Unit

Location and Contact Information for Selected Unit:

Unit Code (capital letter only)
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% E. TELEMETRY
Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 S.
3 6.
Total Units Listed Select Unit
— —
~Location and Contact Information for Selected Unit:
F. STEP-DOWN/TELEMETRY
: Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location
’ l. 4.
2 S.
3 6.
Total Units Listed ' Select Unit
— T (I

Location and Contact Information for Selected Unit:

Unit Code (capital letter only)
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Location and Contact Information for Selected Unit:

G. MEDICAL
Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 5.
3 6.
Total Units Listed Select Unit
| S—

—_J

Location and Contact Information for Selected Unit:

H. SURGICAL
Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4,
2 5.
3 6.
Total Units Listed - , Select Unit

—

Unit Code (capital letter only)
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-

Number

1.‘

- 10.

Hospital Desg. and/or Location

Total Units Listed

— )

I. COMBINED MEDICAL/SURGICAL

Number Hospital Desg. and/or Location

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Location and Contact Information for Selected Unit:

Select Unit

| S E——

Unit Code (capital letter only)
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% J. EMERGENCY
) Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. , 4.
2 5.
3 6.
Total Units Listed Select Unit

—J —_

Location and Contact Information for Selected Unit:

K. PEDIATRIC

Number Hospital Desg. and/or Location Number Hospital Desg. and/or Location

3 1. 4.

Total Units Listed Select Unit
—J [

Location and Contact Information for Selected Unit:

Unit Code (capital letter only)




l 2386315200

) L. ONCOLOGY

Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location

1 4.
2 5
3 6.
Total Units Listed Select Unit
—J

| I
Location and Contact Information for Selected Unit:

M. PSYCHIATRIC

Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location

’ , | a

Total Units Listed Select Unit
—J c | S

Location and Contact Information for Selected Unit:

Unit Code (capital letter only)
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N. SUBACUTE/TRANSITIONAL INPATIENT

Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location

1. , 4.
2 5
3 6
Total Units Listed Select Unit
—_—J —_J

Location and Contact Information for Selected Unit;

0. POSTANESTHESIA
Number Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 5.
3 6.
Total _Units Listed Select Unit
— —_—

Location and Contact Information for Selected Unit:

Unit Code (capital letter only)
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%i P. MIXED UNITS
Number  Hospital Desg. and/or Location Number Hospital Desg. and/or Location
1. 4.
2 S.
3 6.
Total Units Listed Select Unit
— ——
Location and Contact Information for Selected Unit:

Unit Code (capital letter only)
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DHS Licensing and Certification Nurse Staffing Study Form
Surveyor Instructions in BOLD

-

1. Hospital unit studied: (Please select only one box and list only one location to describe the unit you are surveying)

Perinatal

[ Labor and Delivery (A)
[0 Post Partum (B)

[ Combination Post Partum/L&D ©

Step-Down/Telemetry

[ Step-Down (D)
O Telemetry (E)

O Combination of Step-Down/Telemetry (F)

~ Medical and Surgical
[J Medical (G)
[0 Surgical (H)
[0 Combination Medical/Surgical (I)
Emergency
[J Emergency (J)
Pediatric
[ Pediatric (K)
Oncology
[ Oncology (L)
Psychiatric
[ Psychiatric (M)

Sub-Acute Transitional Inpatient

[ Sub-Acute/Transitional Inpatient (N)

Postanesthesia

[J Postanesthesia (Recovery Room) (O)

Other Mixed

[0 Other Mixed (P)

L

Unit Code (capital letter only)
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% 2. According to your current Unit Staffing Log, what shift is this? (Please check one of the follwing
options.)

O8hr Day 0[O 8hr Evening [ 8hr Night O 12hr Day O 12hr Night O Other (specify)

3. What is the total number of beds, ED gurnies, and/or bassinets in this unit?

4. Of the total number of beds, ED gurnies, and/or bassinets in this unit, how many

were assigned to patients at the beginning of this shift?

5. What is the usual patient census for this shift?

6. According to the most recent 24 hour census, how many patients have been admitted
to this unit?

7. According to the most recent 24 hours, how many patients were discharged from this
unit? '

3 8. During the most recent 24 hour census period, how many licensed staff (RNs, LVNs, -
and LPTs) worked in this unit? :

9. How many RNs, LVNs, and LPTs do you usually schedule at the beginning of this shift?

10. How many RNs, LVNSs, and LPTs did you schedule at the beginning of this shift?

11. How many unlicensed assistive personnel, including a ward clerk/unit secretary, did
you schedule at the beginning of this shift?

12. Does this unit have a designated ward clerk/unit secretary working during this shift?

O Yes
O No
O Yes, but clerk/secretary shared or part-time

Unit Code (capital letter only)
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13. Does this unit have team nursing, primary nursing, no specific nursing model, or
% some other nursing model?

O Team Nursing

O Primary Nursing

0O No Specific Nursing Model

O Some Other Nursing Model (Specify)
O Don't Know

14. On your unit, who generally performs the following functions: (Fill in "not applicable" for
items a-e if this is an ED or Psych unit. You may select more than one box for each item.)

RN (xeSpeciaized.ete) VA
a. Draw Blood O O O
b. Start IV O O
c. Respiratory Therapy Treatments a ] O
d. Arterial Blood Gases O O O
’ e. Monitoring of Central/Core Monitors O a a

15. If this is a Mixed Unit: Please indicate the types of services that have been offered in this

unit in the past.
0 This is NOT a Mixed Unit
This is a mixed unit, and the service types provided in the past have been: (Read each and
check all that apply.)

O Labor and Delivery O Pediatric
O Post Partum O Oncoiogy
O Step Down O Psychiatric
O Telemetry O Subacute/Transitional Inpatient
O Medical O Postanesthesia
O Surgical O Other
0O Emergency

Unit Code (capital letter only)
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16. If this is 2 Mixed Unit, ask the charge nurse to indicate the primary cause of admission
for each patient to this unit at the beginning of the shift. Note: For each type of service there
may be more than one patient, but each patient must only be placed under ONE type of
service (Ex: A patient that has cancer but is in the hospital receiving psychiatric care must
fall under either Psychiatric or Oncology, but NOT both.) In other words, count each
patient ONLY ONCE. If there are not patients currently being treated for one or more of
the following types of services, please enter a zero (0). If this is not a mixed unit, please
check the box next to ""This is NOT a mixed unit,”" and move on to the next question.

O This is NOT a Mixed Unit |
Service Type (Read Each) # Patients Service Type (Read Each): # Patients
Labor and Delivery , Emergency
Post Partum Pediatric
Step Down Oncology
Telemetry Psychiatric
Medical ‘ Subacute/Transitional Inpatient
3 Surgical Postanesthesia
Other (specify) J
Total Number of :
Patients from above: Note: Should match (he total indicated in Question 4

17. The next question refers to specific characteristics of each unit nurse and their patient load.
Please indicate the types of log/paperwork utilized in order to generate this information before
you begin Question 18 (Check all that apply).

O Unit Log

O Individual Staff Interviews
O Nurse Employment Records
O Other (specify) ‘

Unit Code (capital letter only)
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18. Including the charge nurse, please list each RN, LVN, and LPT currently working this shift. If
this is a team nursing unit, leave the response areas for the "Number of Patients for Whom
Nurse is Assigned" and "Number of Patients for Whom Nurse is Covering' blank, and check
the "Team Nursing" box for that column instead. Next, fill in the requested numbers under
the "Team Assignment" column. If the unit does not have team nursing, check "This is Not a
Team Nursing Unit" and do not fill in the requested numbers in the "Team Assignment"

column.
Highest Level of Time Number of | Number of
) Nursing Education Employment Practicing as Patients Patients
Nurse Title Completed (RNs Status aLicensed | Assignedto| Nurseis '{‘eam
Identifier| (Check One)  only; Check One) | (Check One) Nurse Nurse Covering | Assignment
001 RN [0 Diploma RN O Full-time
. L 1 ) L 1 J L r —_
D LVN D AA 0] Part-time Years # pts. # pts. # pts.
OLPT O BSN [ Per Diem
O MSN [ Registry
L 1 ’ L 1 ) —_ —_
[J DSNSc¢/ND months total # on total # on # lic. nurses
O Unsure Telemetry Telemetry
[J Unsure O Team O Not ——
Nursing Covering # unlic. nurses
[0 Team
Nursing —_t
total # on
Telemetry
[0 Not Team
Nursing

Unit Code (capital letter only)
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REVIEW

Nurse Staffing in California Hospitals 1998-2000: Findings from
the Califernia Nursing Outcome Coglition Database Project

A Summary and Critique

Summary of Methods and Results

This report from CalNOC summarizes the results of data collected between April
1998 and June 2000 from 330 critical care, medical/surgical, and step-down units in 52
acute care California hospitals. The report begins by describing the history of efforts to
understand the relationship between nurse staffing and quality of care. The authors
envision that “CalNOC indicators will become the standard for clinical, administrative,
and scientific quality measurement in nursing statewide as the foundation for
benchmarking, best practices dissemination and research.” These indicators include:

Nurse staffing (direct care hours, skill mix, and patient days)
Nurse education level, certification, and years of experience
Patient falls

Pressure ulcers

Restraint prevalence

Patient satisfaction with pain management, patient education, and overall nursing
care

Data for the report are collected from hospitals participating in the CaINOC project.
Although data sources are not described in detail, apparently CaINOC data are collected
at the patient level or patient care unit level by nursing staff. Patient care units are
classified as critical care, step-down, or medical/surgical. Electronic data submission is
encouraged but not required. Nurse staffing indicators calculated for this report include:

e Hours of nursing care (productive hours worked by nursing staff [RNs, LVNS,
others] who have direct patient care responsibilities/assignments on the defined
unit and are included in the staffing matrix

e RN to patient ratio (hours of nursing care divided into 24 hours)

e Hours of care per patient day (total nursing care hours divided by total patient
days for a particular unit)

e Contracted hours (total number of productive hours for contract staff, not
including internal float staff)

e  Skill mix (number of RNs, LVNs, and non RN/LVN care hours as a percentage of
total care hours)

Data were aggregated over 9 reporting periods (quarters). Key findings include:




e Participating hospitals include 20 with <100 beds, 19 with 100-199 beds, and 13
with >=200 beds. Public hospitals (n=3) and for-profit hospitals (n=1) appear to
be under-represented.

e There were 914 records submitted from critical care units in 52 hospitals, 725
records from step-down units in 42 hospitals, and 919 records from
medical/surgical units in 52 hospitals. Each record represents “skill mix data for
1 hospital for 1 month.” This means that, on average, each hospital submitted less
than 1 record for each unit type per months (eg 914/27 mos/52 hospitals = 0.65
units reported per hospital per month) ,

e  Skill mix was heavily weighted towards RN on critical care units (mean 92%;
range 53 to 100%) but less so on step-down units (mean 67%, range 35%-100%)
and on med/surg units (mean 57%, range 31%-100%).

e Average nursing hours per patient day was 16.7 on critical care units, 9.2 on step
down units, and 7.6 on medical/surgical units. The number of RN hours per
patient day was 15.3, 6.1, and 4.2, respectively. This translates to a patient:RN
ratio of 1.6 for critical care units, 4.2 for step down units, and 5.9 for
medical/surgical units. '

e There was considerable variation in these ratios. For example, mean patients per
RN on medical/surgical units ranges from 2.7 to 11.1. Curiously, the range in
critical care units extended from 0.5 to 4.8 (the lower figure is below the standard
set by Title 22). With the exception of “percent LVN hours,” there were few
statistically significant differences in staffing indices across hospital categories (ie
small, medium, large). However, these differences were tested using only 1
month’s worth of data. '

Based on these results, the authors conclude that “staffing is relatively stable across
sites” but that there is “wide variation across units within the same unit type cohort.”

Strengths and Limitations of the CaINOC Study

CalNOC should be congratulated for enlisting the cooperation of a broad sample
of California hospitals in collecting systematic data on nurse staffing and (eventually) its
clinical correlates. The investigators have amassed data on nurse staffing from some 330
critical care, step-down, and medical-surgical units representing over 3 million patient
days of care between April 1998 and June 2000. CaINOC’s most important legacy may
be that it has provided a model for cooperative research among health care systems.
Criticisms about lack of representativeness are scientifically valid but lack practical
merit, since no other voluntary effort is likely to do better. (Mandatory surveys
conducted by DHS are another matter.) In addition, the Coalition’s work in defining a set
of staffing parameters, quality indicators, and data collection and reporting methods is a
critical contribution to the field. In addition, the mean RN to patient ratios comport with
experience and are roughly consistent with other studies. The high means together with
the broad range of ratios may mean that CaINOC and its most virulent critics are both
right: most nursing units in California hospitals are staffed at a level many would
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consider safe, but some are not, and assuming that the data are accurate, a few represent
examples of egregious understaffing.

Despite these important strengths and the likely robustness of certain conclusions,
problems with sampling of hospitals and hospital units, data collection, and analysis limit
our confidence in the numerical results. As the authors acknowledge, this is a
convenience sample. Public and for-profit hospitals are sorely under-represented. Thus,
the results may not generalize to hospitals under the most severe financial pressures.
There are other sampling issues. How did hospitals select specific nursing units for data
collection and reporting? If the units were sampled other than randomly, there is an
opportunity for bias. How consistently did hospitals supply data on a month-to-month
basis? If 52 hospitals supplied data on 1 medical-surgical unit each over 9 quarters (27
months), we would expect to see 1404 records, not the reported 919. What happened to
the additional records? Was the pattern of missing data random (distributed across
hospitals and time periods) or systematic? In addition to these questions, it would also be
useful to have more descriptive information on the nursing units themselves. What was
the size of the units, how were they organized, and what kind of patients do they care for?
Even if explicit information on patient mix (“acuity”) is beyond the scope of this study,
the reader needs to know more about the nursing units themselves.

The section on data collection methods is insufficiently developed to allow the
reader to assess the adequacy of the methods, let alone replicate them. “Staff report
direct hours of care and skill mix to hospital information systems (from which CaINOC
data is extracted by on-site personnel).” Which staff do the reporting? How do hospital
information systems (and CaINOC researchers) distinguish between “productive hours”
(which includes in-service training, administrative time, etc.) and “hours of nursing care,”
with its connotation of hours at the bedside? How is a “patient day” defined? Depending
on admission and discharge dynamics, the length of an average patient day at some
hospitals may significantly exceed or fall short of 24 hours.

Finally, the analytic methods employed do not fully exploit the power of the'
database. The most basic unit of analysis for this study is the hospital unit-month,
defined in terms of skill mix, census, or staffing data for one hospital unit over a period
of one month. Newer mixed-model approaches (fixed and random effects regressions)
for analyzing longitudinal data could help disentangle the effects of hospital type, unit
type, and time in predicting staffing levels. Even if these newer methods are not used, it
would still be desirable to graph the data month by month (or at least quarter by quarter),
and to stratify the data by hospital size, by regional population size, and by Kaiser/non-
Kaiser ownership. Stem-and-whisker plots (giving medians as well as 5% 25% 75% and
95" percentiles) would describe the raw staffing levels better than means and ranges. A
further, somewhat minor, concern is the use of ANOVA methods on data that the authors
at least tacitly acknowledge as non-normal. Finally, the authors mention that one goal of
comparing OSHPD data to CaNOC data would be “to assess the relative Type I or Type
11 error inherent in using public data sets and the implications of linking such staffing
data to outcomes” (p.17). Lack of correspondence between CaINOC may represent a
stochastic problem (chance effect), but it is much more likely to represent a measurement
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problem or selection effect (validity issue). Type I and 1I errors — which occur due to
chance -- are the least of it. It is very important in future comparisons between datasets
that the measurement and selection issues be spelled out precisely so any differences in
findings can be fairly and thoroughly evaluated. That is why it is so critical that CaINOC
describe its data sources and collection methods in much greater detail.
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REVIEW

AB 394: California and the Demand for Safe and Effective Nurse
to Patient Staffing Ratios

A Summary and Critique
Summary of Methods and Results

In late 2000, the California Nurses Association commissioned the Institute for
Health and Socio-economic Policy (IHSP) to perform empirical analyses that would
enable the Association to promulgate specific nurse-to-patient staffing ratios. The IHSP
report, released on March 12, 2001, describes a unique approach to calculating nurse-to-
patient ratios for each of the nursing units referenced in AB 394.

Based on this analysis, the C.N.A. has proposed the following set of ratios:

Intensive Care Units, 1:2

Burn Units, 1:2

Operating Room / Post-anesthesia Units, 1:1-1:2

Emergency Departments, 1:3

Medical / Surgical, Telemetry, and Special Care Unit, 1:3

Step Down, Intermediate Care, and Definitive Observation Units, 1:3
Labor & Delivery Units, 1:1 (during active labor and for 2 hours post-partum)
Obstetrics (other than during active labor), 1:3

Post-partum Normal Newborn Units, 1:5

Pediatrics Units, 1:3

Psychiatric Units, 1:4

In addition, while acknowledgiﬁg the lack of empirical evidence, the CNA report
recommends a 1:4 ratio for subacute care.

The conceptual framework underlying the IHSP report rests on a series of
assumptions, each of which needs to be considered carefully in order to assess the
validity of the findings. These assumptions include:

o The staffing level mandated by Title 22 for intensive care units (1:2) is
clinically appropriate.

o Appropriate staffing levels for other (non-intensive care) units vary linearly in
direct proportion to mean patient severity/complexity (relative to the ICUs).
In other words, if mean severity/complexity within a given unit type is one-
half of mean ICU severity/complexity, then required staffing should be one-
half as rich. If mean severity/complexity is one-fourth as great, required
staffing should be one-fourth as rich.




C

Reasonable bounds around recommended staffing ratios can be calculated by
adding/subtracting the difference between mean ICU severity/complexity and
mean overall severity/complexity (0.46 acuity points).

All Patient Refined — Diagnosis Related Groups (APR-DRG) severity
subclass assignments (on a 1-4 scale) can be used as a proxy for
severity/complexity across DRGs.

To develop estimates of mean severity within different hospital units, patients
can be assigned to one of seven AB 394 designated units based on their
Diagnosis Related Group (DRG).

Based on these assumptions, IHSP researchers carried out the following sequence

of tasks:

They convened an expert panel of 25 nurses representing 8 different hospital
work areas (e.g medical/surgial, pediatric, etc,). Panelists were asked to sort
490 DRGs into one (and only one) of seven hospital unit types (Med/Surg,
ICU, obstetrics, pediatrics, psychiatric, burn, and definitive observation).
Alternatively, panelists could indicate “other type” or “don’t know.”

They assigned each DRG to one of the seven unit types based on the
“statistical mode;” i.e., each DRG was assigned to the one unit type receiving
the most votes. For example, if DRG #32 (concussion age >17 without
complications) was matched to the ICU by 15 panelists and to the Med/Surg
floors by 10 panelists, it would be officially assigned to the ICU. Twelve
DRGs were discarded because of ties. Information on voting patterns and
panelist agreement is not provided.

They {apparently) matched up each of the 490 DRGs (minus 12 discarded)
with 384 base APR-DRGs. Details are not provided.

Within each APR-DRG, they calculated the average APR-DRG Severity of
Iliness class (1-4 scale) using OSHPD hospital discharge data from 1993-98.
For example, DRG #22 (hypertensive encephalopathy) had a mean acuity of
2.04, whereas DRG #5 (carpal tunnel release) had a mean acuity of 1.70.

As an intermediate step, the investigators calculated a putative nurse:patient
ratio for each DRG. For example, as noted above (and in ISHP Report
Appendix Table D), the mean acuity for patients with hypertensive
encephalopathy was 2.04. A putative nurse ratio for this DRG was calculated
as:
(Mean ICU Severity + Mean Severity Among Pts with Hypertensive
Encephalopathy)* (The Accepted Nurse:Patient Ratio in ICUs), or

(221/2.04) * 2 =2.08
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e Using the assigned “unit type” for each DRG, they then calculated the
average severity level within each unit type (Med/Surg, ICU, etc.). Mean
severity for each unit type ranged from 1.43 (Pediatrics) to 2.21 (ICU).

e Under the principle that appropriate staffing should be linearly related to
severity, IHSP calculated putative nurse:patient ratios for each unit type,
relative to the 2.21 mean severity level among patients discharged from
California hospitals 1993-98 and having DRGs assigned (by the expert
panel) to the ICU. A putative nurse:patient ratio for each unit type was
calculated as:

(Mean ICU Severity + Mean Severity Among Patients in Unit of Interest)*
(The Accepted Nurse:Patient Ratio in ICUs)

For example, given the mean Med/Surg severity index of 1.88, the putative
nurse:patient ratio would be calculated as:

(2.21/1.88) * 2 =235

o Finally, the investigators placed bounds around their estimates by adding
(and subtracting) 0.46 acuity units from the calculated average acuity within
the ICU. Thus, for example, a lower bound on the number of Med/Surg
patients who could be safely cared for by one nurse was calculated as:

[(2.21-.46)/1.88] * 2 =1.86
Strengths and Limitations of the CNA Study

CNA and its consultants should be congratulated for convening a broadly

- representative expert nursing panel and for analyzing an enormous quantity of data using
an ingenious approach. The investigators’ use of publicly available data and open
research architecture are definite strengths. As they point out on page 45 of the report,
their approach “applies the same analytical tools to all hospitals and all 21.7 million
patient discharges and their attendant primary and secondary diagnoses.” Thus, many of
the problems attendant to other approaches are avoided.

‘Despite these important strengths, the IHSP study suffers from a number of
significant weaknesses in design, analysis, and reporting. Specifically, some of the five
assumptions outlined on page 1 of this document can be questioned:

e Assumption 1: Title 22 Staffing for ICUs is Appropriate
There is probably little argument with this assumption based on the
consensus of experts and limited empirical literature.
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¢ Assumption 2: Recommended Staffing Should Bear a Linear Relation to Severity,
Taking the ICU as the Base Case

This assumption is questionable for at least two reasons. First, there is no
evidence that the APR-DRG Severity Level metric functions as a ratio
scale (or even as an interval scale)!. That is, while we have every reason
to believe that a patient with a score of 4 is sicker than a patient with a
score of 2, we have no reason to believe that the first patient is twice as
sick — he may be 1.5 times as sick, 10 times as sick, or somewhere in
between. Second, even if we allow that the APR-DRG Severity score
functions as a ratio scale, there is no reason to believe that staffing
requirements increase linearly with sickness. In fact, the relationship may
very well be curvilinear, with a relatively shallow slope as patients move
from mildly to moderately ill but then a very steep slope as they become
severely ill.

e Assumption 3: Reasonable Bounds Around Recommended Staffing Ratios Can
Be Established by Adding/Subtracting 0.46 Severity Units from the Estimate for
Mean ICU Severity :

Justification for this assumption is unclear. The 0.46 interval was
computed as the difference between mean severity score among patients
with DRGs assigned (by the expert panel) to ICUs vs. the mean severity
score for all patients in the 1993-98 OSHPD hospital discharge database.
Using Med/Surg units as an example, the logic seems to run as follows.
If: a) mean ICU severity were actually as low as the overall mean across
all hospital units (i.e., 1.75, on a 1-4 scale), and b) mean severity within
Med/Surg units remained 1.88, and c) the appropriate nurse:patient ratio
within ICUs remained 1:2 (despite the decrement in mean severity), then
d) an appropriate ratio for Med/Surg units would be 1.75/1.88 * 2 = 1.86.
If on the other hand mean ICU severity were actually as high as the
current estimate plus the difference between the current estimate (for
ICUs) and the overall mean (i.e. 2.21 + (2.21-1.75)= 2.67), then an
appropriate ratio for Med/Surg units would be 2.67/1.88 * 2 =2.83. This
does not appear to make much sense.

e Assumption 4: APR-DRG Severity Subclass Assignments Can be Used as a
Metric for Severity/Complexity Across DRGs
In Footnote 24 of the IHSP Report, the authors acknowledge that, “as a
general guide, the 3M Corporation cautions against averaging acuity
indicators across groups of patients because they take acuity to be disease
specific categories and not scores.” However, they go on to explain that

! In psychometric parlance, a ratio scale is defined such that a doubling in the score value represents a
doubling of the extent of the underlying construct. For example, a patient with a score of 3.0 is 3 times as
sick as a patient with a score of 1.0. An interval scale is defined such that a one unit increase in score value
represents an equivalent increase in the underlying construct irrespective of the starting point. For
example, as a patient moves from a score of 1.0 to 2.0 to 3.0, he/she experiences an equivalent decrement
in health (increase in sickness).
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“for purposes of this study, we employ acuity indicators as neither scores
nor categories, but as indexed guides to appropriate staffing ratios
grounded in the acuity indices calculated in our presumptive ICU.”

According to Romano and Chan (2000), APR-DRG software assigns three
descriptors to each case: (1) the “base” APR-DRG, which for adults
generally represents a combination of adjacent Medicare DRGs split by
age, death, comorbidities or complications; (2) the Severity of Illness
class; and (3) the Risk of Mortality class. Version 12.0 included 384 base
APR-DRGs, and 1,530 severity-stratified APR-DRGs. It is critically
important to recognize that the Severity of Illness (SOI) levels are meant
to discriminate among cases within a particular APR-DRG, and not
between APR-DRGs. In other words, a myocardial infarction patient with
a SOI level of 3 is not necessarily as sick/complex as an appendectomy
patient with an SOI level of 3. Therefore, the mean acuity indicators
assigned to each DRG in IHSP Report Addenda D, as well as the
aggregated mean acuity indicators assigned to each nursing unit type on
page 44 are not directly comparable. Brief inspection of Addenda Table D
reveals some examples that are arguably implausible. For example, DRG
#22 (hypertensive encephalopathy), a condition that generally requires
ICU care, an arterial line, and administration of short acting anti-
hypertensives by intravenous drip, has a calculated mean acuity of 2.04;

* whereas DRG #242 (septic arthritis) has calculated value of 2.02.

It is theoretically possible to accomplish the authors’ aims, by regressing
dummy variables representing each of the 1,530 severity-stratified APR-
DRGs against nursing resource use (preferred) or total resource use
(acceptable). However, data to accomplish this analysis would be difficult
to obtain.

* Assumption 5: Patients Can Be Assigned to-One of Seven AB 394 Designated
Units Based on their DRG

We do not doubt that expert panelists could reasonably assign DRGs to
med/surg, obstetric, pediatric, and psychiatric units. However, among
adult medical and surgical patients, we are skeptical that panelists could
reliably sort DRGs into Med/Surg, Definitive Observation, and ICU
buckets. The reason is that adult patients with a given medical or surgical
DRG could easily find themselves in any of the 3 buckets depending on
their severity of illness. And some patients might transition from one unit
type to another during their hospital stay. For example, a patient with

~ angina and CHF might well be assigned to DRG #132 (atherosclerosis
with complications). Initially such a patient might be assigned to ICU.
Once stable she might be brought to Definitive Observation and then to
the Med/Surg floor.
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In addition to this issue, we are troubled that the IHSP Report does not
provide data on panelists voting patterns, nor on the inter-rater reliability
among panelists.

Conclusion

In summary, the IHSP Report released by the California Nurses Association
represents a massive and noble effort to generate empirically grounded recommendations
for nurse staffing ratios in California. The fundamental approach pioneered by the
Institute and its sponsor is in many ways creative, instructive, and sound. However,
flaws in the assumptions driving the analysis limit the extent to which the results can be
applied to policy-making.

ARG,
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